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Experimental Station Staff 


Director: SiR E. JOHN RUSSELL, D.Sc., F.R.S. 
Assistant Director: B. A. Keen, D.Sc., F.Inst.P. 

INSTITUTE of PLANT NUTRITION and SOIL PROBLEMS 

The James Mason Bacteriological Laboratory-^ 


Head of Department 

Assistant Bacteriolog^ist ... 

Post - Graduate Research 
Worker 

Laboratory Attendants ... 

Botanical Laboratory — 

Head of Department 

Assistant Botanist 
Lalxjratory Assistant 
Laboratory Attendants ... 

Chemical Laboratory— 

Head of Department 

Assistant Chemists 

Post firaduate Research 
Workers — 


H. G. Thornton, B.A. 
P. H. H. Gray, M.A. 

H. L, Jensen. 

Sheila Arnold. 
Muriel Russell. 


Winifred E. Brenchley, D.Sc. 
F.L.S. 

Katherine Warington, M.Sc. 

Elizabeth Kingham. 

Kathleen Dellar. 

May Dollimore. 


h. M. Ckowther, D.Sc., r.I.C. 
A. Inst. P. 

R. G. Warren, B.Sc. 

H, L. Richardson, M.Sc. 
Ph.D., A.LC. 

SiGNE G. Heintze, MaJ,^PhiI. 

A. J. Pugh, B.Sc. 

J. K. Basu, M.Sc. 

T. J. Mirchandani, M..Sc. 

N. H. Pakberky, B.Sc. 


Barley Investij.;ations 

(Institute of Brewinj,^ L. R. Bishop, M.A. 
Research Scheme) ... F. E. Day, B.Sc., F.LC. 

Special Assistant ... E. Grey. 

Lalxjratory Assistants ... A. H. Bowden. 

F. Skabrook. 

G. Lawrence. 

Laboratory Attendants . Maud Bracev. 

Rose Robinson. 
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Laboratory for Fermentation Work- 


Head of Department 

Assistant Chemists 

Post Graduate Research 
Worker — 

Laboratory Attendant . . . 


E. H. Richards, B-Sc.^ F.I.C. 
(Iveagh Research Chemist). 

R, B. Dawson, M.Sc. 

S. H. Jenkins, M.Sc., A.I.C. 

A. G. Norman, B.Sc., Ph.D. 
Mabel Payne. 


Laboratory for Insecticides and Fungicides— 

Head of Department ... IL Tatters field, D.Sc., F.I.C. 

Assistant Chemist ... R. P. Hobson, B.Sc., Ph.D., 

A.I.C. 

Laboratory Attendant ... Irene Randall, 

General Microbiology Laboratory— 


Head of Department 
Assistant Microbiologists 

Laboratory Assistant 
Laboratory Attendant ... 

Physical Laboratory— 

Head of Department 
Assistant Physical Chemist 

Assistant Physicists 

Post Graduate Research 
Worker — 

Assistant 

Laboratory Assistants 

Laboratory Attendants ... 


D. W. Cutler, M.A., FX.S., 
F.Z.S. 

Lettice M. Crump, M.Sc., 
F.Z.S. 

H. Sandon, M.A. 

Annie Dixon, M.Sc., F.R.M.S. 
Jane .Meiklejohn, B.Sc. 

B. K. Mukerji, D.Sc. 

Mabel Dunklev. 

Mollv Johnson. 


B. A. Keen, D.Sc., F.lnst.P. 

K. K. ScTioFiEi.D, M.A., Ph.D. 
(Kmpire Cotton (i rowing Cor- 
poration Soil Physicist). 

(i. W, Scott Blair, B.A. (Gold- 
smillis’ Company Physicist). 

G. H. Cashes', M.Sc. 

A. Sen. M.Sc. 

Kathleen Abbott. 

\\\ C. Game. 

R. F. S. Hearmon. 

K. D. Anderson, 

Mona Staines. 
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Statistical Laboratory— 

Head of Department ... R. A. Fisher, M,A., Sc.D. 
F.R.S, 

Assistant Statisticians ... J. Wishart, M.A., D.Sc. 

J. O. Irwin, M.A., M.Sc. 

Computer (Honorary) ... W. D. Christmas. 

Research Worker 

(Honorary) B. P. Scattergood, M.A. 

Assistant Computers ... A. D. Dunkley, 

Florence Pennells. 

.\lice Kingham. 

INSTITUTE of PLANT PATHOLOGY 

Entomological Laboratory— 

Head of Department ... .\. D. Imms, M.A., D.Sc., F.R.S, 

Assistant Entomologists H. F. Barnes, B.A., Ph.D. 

D. M. T. Moklano, M.A. 

H. C. F. Newton, B.Sc., 
A.R.C.S. 

Post Graduate Research 

Worker — Marion A. Hamilton, B.Sc. 

Field Assistant ... ... A. C. Rolt. 

Laboratory Attendants ... Edith Cooe'er. 

Klizaueth Sibley. 

Mycological Laboratory— 

Head of Department ... W. B. Brierley, D.Sc., F.L.S. 
Assistant Mycoloi^ists J. FfENOERSoN Smith, M.B., 
Ch.B., R.A. 

.VIarv D. Glynne, M.Sc. 

R. H. Stoughton, B.Sc., 
A.R.C.S., F.L.S. 

Mary S. Martin, B.Sc. 

(ilassiiouse Superintendent Margaret M. Browne- 

Post Graduate Research 

Worker — Phyllis H. Jarrett, M.Sc. 

Laboratory Attendants ... Lyla IvEii. 

F)oris ruFi'iN. 

FIELD EXPERIMENTS 

Guide Demonstrator ... H. V. Garner, M.A., B.Sc, 
Assistant Demonstrator... E. H. Gregory. 

Plant Physiolo^jist ... A. R. Clapham, M.A. 

Field Superintendent ... B. We.ston. 

Assistant G. F. Cole. 
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plant Physiologists for F. G. Gregory, D,Sc, 

Special Experiments A. T. Legg. 

(Imperial College of F. J. Richards, M.Sc. 

Science and Technology) F. R. Tubbs, B.Sc., A.R.C.S, 

E. R. Leonard. 

Field Assistant G. W. Messenger. 

Laboratory Attendant .. Kathleen Keys. 


Director 

Bailiff 

Ploughmen 

Stockman 

Assistant Stockman 
Tractor Driver ... 
Labourers 


Librarian ... 


FARM 

... H. G. Miller, B.Sc. 

... H. Currant. 

... F. Stokes. 

T. Lewis. 

... H. S. Harper. 

... L. Underhill. 

... J. Underhill. 

... W. Holland, 

T. Missenden. 

LIBRARY 
... Mary S. Aslin, 


SECRETARIAL STAFF 

Secretary W. Barnicot. 

Assistant Secretary . . Constance K. Cation. 

Director’s Private Secre- 
tary Annie K. Mackness. 

Senior Clerk ... Be.atrice F. Allard. 

junior Clerks ... Nora Levekton. 

Lucy Ar.nold. 


Photographer V. Stansfield, F.R.P.S., 

F.R.M.S. 


Laboratory Steward and 
Storekeeper A. Oggelsbv. 

Engineer and Caretaker \V. Pearce. 

Assistant Caretaker ... F. K. Hawkins. 
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Woburn Experimental Farm 

Hun. Local Director ... J. A. Voelcker, C.LE., M.A., 
Ph.D. 

Assistant Director ... H. H. Mann, D.Sc., F.I.C. 

(Kaisar-i-Hind Gold Medal). 

Chemist T, W. Barnes, M.Sc. 

Laboratory Assistant ... R. Deacon. 

FARM STAFF 

Assistant Manager ... T, C. V. Bright. 

Ploughman G. Tyler. 

Assistant Ploughman ... J. Tyler. 

Stockman ... ... ... VV, McCallum. 

Labourers ... ... J. McCallum. 

K. McCallum. 


MEMBERS WHO HAVE LEFT SINCE LAST REPORT 
AND THE APPOINTMENTS TO WHICH THEY 
PROCEEDED 

W. C. Collett, N.D.A. Assistant Trials OOiccr, Imperial 
Chemical Industries. Ltd.. 
.Vgricultural Research Station, 
Jcalott’s Hill, Warfield, 
Bracknell, Berks. 

J. Davidson, D.Sc., Head of the Department of Ento- 

E. L.S. molo;^^y, Waite Agricultural 

Research Institute, Glen Os- 
mond, Adelaide, South Austra- 
lia.’ 

W. M. Davies, Ph.D, ... .Advi.ser in Agricultural Zoology, 
University College of North 
Wales, Bangor. 

Muriel L. Dick, B.A. 

T. Eden, M.Sc Senior Chemist, Tea Research 

Institute, Nuwara Eliya, Cey- 
lon. 

C. T. Gimingham, B.Sc., Entomologist, Ministry of Agri- 

F. LC culture and Fisheries, Patho- 

logical Laboratory, Milton 
Road, Harpenden. 
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W. B. Haines, D.Sc., Physicist and Head of the Soils 

F.Inst.P. Division, Rubber Research 

Institute, Kuala Lumpar, 
Malaya. 

C. Heigham, M.A. ... Professor of Agriculture, Arm- 
strong College, Newcastle-on- 
Tyne. 

H. Lloyd Hind, B.Sc., Research Organiser, Institute of 
F.I.e. ... ... ... Brewing Research Scheme. 

H. J. G. Hines, B.Sc. ... Lecturer in Agricultural Chemis- 
try, University of Queensland, 
Brisbane. 


W. 0. James, B.Sc. ... Lecturer in Plant Physiology, 
University of Oxford. 


Winifred A. Mackenzie, 

M.Sc. (Econ.). Married Rev. R. Tyrrell. 

R, O. Millar Farm Bailiff, Herts Farm Insti- 

tute, Oaklands, St. Albans. 


H. M. Morris, M.Sc. ... Entomologist, Department of 
.Agriculture, Nicosa, Cyprus. 


H. j. Page, B.Sc., A.I.C. Head of Research Labor atorjes 
and Chief Chemist, Imperial 
Chemical Industries, Ltd., 
Agricultural Research Station, 
Jcalott’s Hill Farm, Warfield, 
Bracknell, Berks. 

W. A. Roach, B.Sc., Biochemist, East Mailing Re- 

A.LC search Station, East Mailing, 

Kent. 

B. Muriel Bristol 
Roach, D.Sc. 


TEMPORARY WORKERS. 1927 and 1928 

In addition to those temporary workers recorded in the List 
of Staff, the following have worked at the Station for various 
periods during the two years, 1927 and 1928: — 
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Sent Officially by Governments and Corporations : 

(1) From Great Britain and the Empire — 

Mim'sirv oj Agriculture Scholars : F. Crowther, E. E. 
Edwards, T. N. Hoblyn, G. V, Jacks, C. E. 
Marshall. 

Colonial Office A gricultural Officers and Scholars : R. A. 
Altson (British Guiana), W. H. Beckett (Accra, Gold 
Coast Colony), G. C. Coull (Aburi, Gold Coast 
Colony), R. Coull (Aburi, Gold Coast Colony), X. 
Craig^ (Mauritius), G. H. Jones (Nig^eria), A. E. S. 
McIntosh (Barbados), F. J. Martin (Sierra Leone), 

G. Milne (Tanganyika) , A. J. Page (Burma) , 
R. G. H. Wilshaw (Scholar), C. H. Wright (Ibadan, 
Nigeria). 

Foreign Office : Major R. G. Archibald (Khartoum), Dr. 

H. C. Green (Khartoum), R. E. Massey (Khartoum). 

Au^ira/ian Government : H. W, Kerr (Brisbane). 

Indian Government : Professor Balmukand (Punjab), 
K. M. Munir (Punjab). 

.Veit) Zealand Government ; R. E. R. Grimmett. 

Empire Marketing Hoard : Dr. Magasanik (Palestine). 
Empire Cotton Growing Corporation Officers and 
Scholars: J. B. Hutchinson (Trinidad), A. R. Lam- 
bert (Sudan), E. Lawrence (Nyassaland), W. S. 
Martin (Uganda), W. Allen, A. H. Lewis (Scholars). 

Messrs, \itram, Ltd. : G. E. Blackman, F. B. Marmoy. 
Salter’s Institute : C. G. Akhurst (Fellowship). 

(2) F rom F oreign Countries — 

International Education Hoard Fellows : iTofcssor Dr. 
M. C. Arva (Roumania), Dr. Hans (Homme (Nor- 
way), Professor Dr. E. Handschin (Basle), H. L. 
Jensen (Denmark), A. Kalnins (Latvia). 

Germany : Dr. W. Boehme. 

Japan: Prof. H. Katagiri, Prof. (). K. Shiratori. 
Xorway : Ansulo Laddesal. 

Palestine : Dr. Felix Menchikowski. 

Siam : W. R. Ladell. 

Sweden: Dr. G. Fortenssen, Dr. G. Giobel, 

United Stales of America : Dr. R. Bradfield, Dr. Edith 

Patch. 

Voluntary Workers : 

J. C. Baird, C. M. Blow, j. J. Brercton, H. Campbell, S. 
Dickinson, Miss D. E. Hazcll, H. Henson, S. E. Jacobs 
(Imperial College of Science), H. J. Johnson, G. O. Lunnon (Sou i 
Africa), Dr. M. A. P. Madge, Miss A. H. Pearce. E. Philhs. 
T. W. Simpson, J. G. Thomas, Dr. H. H. Storey (Natal), v- 
Subrahmanyan (India), Dr. A. Wulff (Java). 
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Publications of the 
‘Ppthamsted Experimental Station 


For Farmers 

"Manuring for Higher Crop Production/’ by E. J. Russell. 
1917. The University PresS; Cambridge. 5/6. 

" Weeds of Farmland,” by Winifred E. Rrenchley, D.Sc., 
F.L.S. 1920. Longmans, Green & Co., 39, Paternoster 
Row, London, E.C,4. 12/6. 

"Farm Soil and its Improvement,” by E. J. Russell, 1923. 
Ernest Benn, Ltd., 8 Bouverie Street, London, E,C.4-. 7/6. 

Rothamsted Conference Reports ; being papers by practical 
farmers and scientific experts : 

" The Manuring of Potatoes.” 1/6. 

" The Growing of Lucerne.” 1/6. 

" The Culture and Manuring of Fodder Crops.” 1 /6. 

” Green Manuring ; its possibilities and limitations in 
practice.” 2/-. 

” The Culture and Manuring of Sugar Beet.” 2/6. 

" Art and Science of Cultivation.” 2/-. 

” Power for Cultivation and H.aulage on the F.arm.” 2/6. 
” Malting Barley.” 2/6. 

” Recent Changes in Systems of Husb.andry in England.” 

2 / 6 . 

" The Hertfordshire Agricultural Situ.'^tion : Can it 
BE Improved.” 2/~. 

Ernest Benn, Ltd., 8 Bouverie Street, London, E.C.4; 
or from the Secretary, Rothamsted Experimental Station, 
Harpenden, Herts. 


For Students and Agricultural Experts 

“The Rothamsted Memoirs on Agricultural Science.” 
Quarto Series, vols. 1-3 (1859-1883), 20/- each. Octavo, 
vols. 1-7 (1847-1898), 30/- each. Royal octavo, vol. 8 (1900- 
1912), vol 9 (1909-1916), vol 10 (1916-1920), vol 11 (1920- 
1922). 32/6 each, vol 12 (1922-1925), vol. 13 (1925-1927), 33/6 
each. Postage extra. Obtainable from the Secretary, 
Rothamsted Experimental Station, Harpenden, Herts. 
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The Rothamsted Monographs on Agriculturai Science/’ 
edited by Sir E. J. Russell, D.Sc., F.R.S. 

“Soil Conditions and Plant Growth,” by E. J. Russell. 
Fifth Edition, 1926. Longmans, Green & Co., 39 Pater- 
noster Row, London, E.C.4. 18/-. 

“ The Micro-Organisms of the Soil,” by E. J. Russell and 
Staff of the Rothamsted Experimental Station, 1923, 
Longmans, Green & Co., 39 Paternoster Row, London, 
E.C.4. 7/6. 

“ Manuring of Grassland for Hay,” by Winifred E, 
Brenchley, D.Sc. 1924. Longmans, Green & Co., 39 
Paternoster Row, London, E.C.4. 12/6. 

'■ A List of British Aphides ” (including notes on their 
recorded distribution and food-plants in Britain, and a 
food-plant index), by J. Davidson, D.Sc., F.L.S. 1925. 
Longmans, Green & Co., 39 Paternoster Row, London, 
E.C,4. 12/6. 

“ Plant Nutrition and Crop Production ” (being the Hitchcock 
Lectures, 1924, University of California), by E. J. Russell, 
D.Sc., F.R.S. The University of California Press and the 
University Press, Cambridge. 12/6. 

“ Inorganic Plant Poisons and Stimulants,” by Winifred E. 
Brenchley, Second Edition, revised and enlarged, 1927. The 
University Press, Cambridge. 10/6. 

” A General Textbook of Entomology,” by A. D. Imms, M.A., 
D.Sc., F.R.S. 1925. Methuen & Co., Essex Street, Strand. 
London, W.C.2. 36/ . 

“ Statistical Methods for Research Workers,” by R. A. 
Fisher, M.A., Sc.D., F.R.S. 1925. .Second Edition. Re- 
vised and Enlarged. 1928. Oliver & Boyd, Edinburgh. 
15/-. 


“The Composition and Distribution of the Protozoan Fauna 
of the Soil,” by H. Sandon, B.A. 1927. Oliver & Boyd, 
Edinburgh. 15/-. 

The following are obtainable from the Secretary, Rothamstetl 
Experimental Station, Harpenden, Herts : — 

“ Agricultural Investigations at Rothamsted, England, 
during a Period of 50 Years,” by Sir Joseph Henry 
GUbert, M.A., LL.D„ F.R.S , etc 1896. 3/6. 

“ Guide to the Experimental Plots, Rothamsted Experi- 
mental Station, Harpenden.” 1913. John Murray, 
60 Albemarle Street, W. 1/-. 
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“ Guide to the Experimental Fields Rothamsted 
1929. 6d. 

“ Guide for Visitors to the Farm and Laboratory.'’ 
Woburn. 1929. 6d. 

“ Catalogue of Journals and Periodicals in the Rotham- 
STEP Library.” 1921. 2/6. 

“A Descriptive Catalogue of Printed Books on Agri- 
culture FROM 1471 TO 1840, CONTAINED IN THE 
Rothamsted Library/’ (including- biographical notices 
of the authors and short descriptions of the important 
books). 1925. 331 pp. 22 illustrations. Cloth cover, 
12/- ; paper cover, 10/-. Packing and postage extra 
British Isles, 9d. ; Overseas Dominions and other 
countries, 1/3. 

The Rothamsted Experimental Station Reports 
1908-1914 (annual). 1/- each. 

1915-1917 (triennial). 2/6. 

1918-1920 (triennial). 2/6. 

1921-1922 (biennial). 2/6. 

1923-1924 (biennial). 2/6. 

1925-1926 (biennial). 2/6. 

1927-1028 (biennial). 2/6. 

Foreign postage extra. 

“ Records of the Rothamsted Staff, Harpexden,” con- 
taining personal notes and accounts of events at 
Rothamsted, and of past members of the staff. Pub- 
lished annually In June. No. 1, June, 1929. 2/- Post 

free. Subscription for first five issues, 7/6, payable in 
advance. 


For use in Farm Institutes 

' A Student's Book on Soils and M.anures,” by E. J. Russell. 
1919. The University Press, Cambridge. 8/-. 


For use in Schools 

Lessons on Soil,” by E. J. Russell. 1912 . The University 
Press, Cambric^e. 3/-. 
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For General Readers 

‘'The Fertility of the Soil,” by E, J. Riissell. 1913. The 
University Press, Cambridge. 4/-. 

” The Possibilities of British Agriculture,” by Sir Henry 
Rew, K.C.B., and Sir E. J. Russell, D.Sc., F.R.S. 1923. 
8d. Obtainable from the Secretary, Rothamsted Experi- 
mental Station, Harpenden, Herts. 

” Personal Reminiscences of Rothamsted Experimental 
Station,” 1872-1922, by E. Grey, formerly Superintendent 
of the Experimental Fields. 5/-. Obtainable from the 
Secretary, Rothamsted Experimental Station, Harpenden, 
Herts. 


Other Books by Members of the Staff 

Evolution, Heredity and Variation,” by D. W. Cutler, 
M.A., F.E.S. , F.Z.S. 1925. Christophers, 22 Berners 
Street, London, W.l. 4/6. 


Mezzotint Engravings 

Mezzotint Engravings of Portraits of the Founders of the Station, 
Sir J. B. Lawes (H. Herkomer) and Sir J. H. Gilbert (F. 0. 
Salisbury), by Julia Clutterbuck, A.R.E, 

Signed Engraver^s Proofs on India paper, £4 4s. each. 
Ordinary Lettered Proofs on hand-made paper, £2 2s. each. 

To be obtained from the Secretary, Rothamsted Experimental 
Station, Harpenden, Herts. 



INTRODUCTION 


The Rothamsted Experimental Station was founded in 1843 
by the late Sir J. B. Lawes, with whom was associated Sir J. H. 
Gilbert for a period of nearly 60 years. Lawes died in 1900 and 
Gilbert in 1901 ; they were succeeded by Sir A. D. Hall from 1902 
to 1912, when the present Director, Sir E. J. Russell, was 
appointed. 

For many years the work was maintained entirely at the 
expense of Sir ]- B. Lawes, at first by direct payment, and from 
1899 onwards out of an annual income of j 62,400 arising from the 
endowment fund of .£100,000 given by him to the Lawes Agricul- 
tural Trust. In 1904, the Society for Extending the Rothamsted 
Experiments was instituted for the purpose of providing funds 
for expansion. In 1906, Mr. J. F. Mason built the Bacteriological 
Laboratory ; in 1907, the Goldsmiths’ Company generously pro- 
vided a further endowment of £10,000, the income of which — 
since augmented by the Company~is to be devoted to the investi- 
gation of the soil. In 1911, the Development Commissioners 
made their first grant to the Station. Since then Government 
grants have been made annually and, for the year 1927-28, the 
Ministry of Agriculture has made a grant of £26,959 for the work 
of the Station. Lord Iveagh has generously borne the 
cost of a chemist and a special assistant for field experiments 
for studying farmvard manure, both natural and artificial; while 
Lady Ludlow, Sir Otto Beit, Mr. Robert Mond, Mr. T. H. Riches, 
Mr. and Mrs. D. McAlister and other donors have, from time 
to time, generously provided funds for special apparatus and 
equipment. Nit ram, Ltd,, and the Fertiliser Manufacturers’ Asso- 
ciation, jointly defray the cost of a Guide Demonstrator for the 
field plots and, in addition, provide considerable funds for the 
extension of the work ; the Potash Syndicate, Messrs. Brunner 
.Mond & Co., Fertiliser Sales, Beet Sugar Factories (Anglo-Dutch 
Croup) and other firms, also give substantial assistance. The 
Empire Marketing Board, the Royal Agricultural Society and the 
Institute of Brewing, make grants for specific purposes. The 
result is that the Station is able to deal with problems affecting 
modern farming in a far more complete manner than would other- 
wise be possible. 

The laboratories have been entirely rebuilt in recent years. 

The main block was opened in 1919, and is devoted to the 
study of soil and plant nutrition problems ; a now block was erected 
in 1923 for plant pathology at a cost of £21,135 provided by the 
Ministry of Agriculture out of the Development Fund, and the 
house adjoining the laboratories on the North side, the Red 
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Gables, is now beings converted into an Administration Building to 
hold the offices, Records and Statistical Department, Staff 
Common Room and Conference Room. 

Perhaps even more important has been the reorganisation 
of the work of the Station so as to keep it in touch with modern 
conditions of agriculture on the one side and of science on the 
other. This was completed in the laboratories in 1922, on the 
Farm in 1924, and on the field plots in 1926, when the field 
laboratory was erected and the new methods of field experiment 
were adopted. In 1926, the International Education Board 
Rockefeller Foundation, generously gave a grant of £2,000 for 
the extension of the glass-houses on condition that another 
;4>'l,000 should be obtained; this was done with the Itelp of tlie 
Ministry of .Agriculture and of the Society for Extending the 
Rothamsted Experiments. In 1928, the Empire Marketing Board 
made a grant of £1,835 for the erection of special insect-proof 
houses, and will make an annual grant of £2,345 for the study 
of virus diseases. The equipment of the Station is now exception- 
ally good. 

The Library is steadily growing, and now contains some 
21,000 volumes dealing with agriculture and cognate subjects. 
The catalogue of the old printed books on agriculture has been 
published, and every effort is made to obtain any that we dn 
not possess. .A collection is also being made of prints of faun 
animals, of old letters on agriculture, and farm account books. 
.Many of these lie in farmhouses, unused and inaccessible, not in 
themselves valuable, but often of great help to students of 
agricultural history and economics when brought together as \vc 
are doing. Gifts of books and documents to the Library will be 
greatly appreciated. 

The extension of the experiments to various outside centres 
in Great Britain, begun in 1921, has proved so advantageous that 
it has been developed, thanks to the grants of the Roval .Agricul- 
tural Society and the co-operation (T the Institute of Brewing. 
\ot only is useful Infi^rmation spread among farmers, but tlie 
Station itself gains considerably hv this closer association with 
practical men. .As part of this extension, the Statirm, in 192n. 
with the consent of His Grace tlie Duke of Ib'dford, took over 
from Dr. J. .A. Voelcker the lease of the Woburn Experimental 
Farm, so that this now l)ei:omes a part of ihe Rothamsted organi- 
sation, allowing us to make experiments simultaneously on a 
light and on a heavy soil : a very advantageous arrangement, 
rhrough the generosity of His Grace ( ertain nec'cssary (diange- 
have been made in the farm equipment, anrl tlie grass field.s have 
been grouped and watered for intensi\r gracing. The Agri- 
rnltural Fnglnecrs’ Association also rendered assistance. 
Dr, Harold H. Mann, formerly Direct<ir of Agriculture, Bomimy 
I’residency, India, and Agricultural Adviser to H.E.H. the 
Xizam’s Government, Hyderabad, India, has been appointed 
Assistant Director, with .Mr. T. W. Barnes as Chemist, and the 
laboratories, pot-culture station and meteorological station have 
been re-equippcd and reorganised. A grant from the Royal Agri- 
cultural Society of England has enabled us to appoint an addi- 
tional computer in the Statistical Department to prepare the 
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material for a full summary and discussion of the results of the 
last fifty years of experiments there. 

The activities of Rothamsted, however, are not confined to 
the British Islands, but are g^radually spreadinij out to the Empire 
and other countries abroad. The International Education Board 
sends workers from all parts of the world to study in these labora- 
tories. The Empire Cotton Growing Corporation has, since 1923, 
made a grant of £1,000 per annum for the development of investi- 
gations in Soil Physics, while the Empire Marketing Board has 
recently invited the co-operation of the Station in solving certain 
ac^ricultural problems of great importance to the Empire. 

At the invitation of the proper authorities, the Director and 
other members of the staff have already visited the Sudan, Pales- 
tine, Australia, New Zealand and Canada to discuss agricultural 
problems and possibilities of co-operation; in addition, visits are 
paid to the United States and to European countries to discuss 
problems and methods with experts there, and generally to 
improve (he equipment of the Institution and widen the knowledge 
and experience of the staff. 

More and more workers are coming from the overseas 
Dominions to carry on their studies at Rothamsted. None but 
University graduates are eligible, and most are, or are about to 
be, on the staffs of Government or other Agricultural Depart- 
ments : men who will become leaders in the agricultural communi- 
ties of their respective countries. To our great regret lack of 
accommodation has compelled us to refuse some who wished to 
come. This is highly unfortunate. 

The most important of all these Empire developments has 
recently been inaugurated. At the Imperial Agricultural Confer- 
ence of 1027 it was decided to set up in this country a series of 
Bureaux to act as central clearing houses of information and to 
promote interchange of ideas and methods between the agricul- 
tural experts of the different parts of the Empire. The Soil 
Bureau is located at Rothamsted and began operations on May 1st, 
1029. Dr. A. F. Joseph, late Chemist to the Sudan Government, 
lias been appointed Deputy Director; Mr. A. J. L. Lawrence, 
Scientific Assistant ; and Miss H. Sciicrbatoff, Translator, 

In view of the great expansion of the work in the last ten 
years the Committee has deemed it advisable to acquire the site 
adjoining the laboratory on the South side in readiness for the 
time when further accommodation will be necessary'. 
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REPORT FOR THE YEARS 1927-28 


The purpose of the Rothamsted work is to discover the 
principles underlying the facts of agriculture and to put the 
knowledge thus gained into a form in which it can be used 
by teachers, experts and farmers for the upraising of country 
life and the improvement of the standard of farming. This 
purpose has remained unchanged during the 86 years of life of 
the Station, a steadfastness which experience has amply justified. 
A programme drawn up solely to suit a particular set of economic 
conditions becomes obsolete when the conditions change and the 
results may then be of little use ; but accurate information properly 
gained and tested always has value, and with this at his disposal 
the farmer is better able to adapt himself to new circumstances. 

While the purpose of the work has remained constant, its 
application has changed. For many years the application was to 
the increase of food production to ensure the feeding of the popu- 
lation of the world. The nineteenth century closed with distinct 
fears that population might outstrip food resources : in 1898, Sir 
William Crookes gave a closely reasoned address to the British 
Association showing that without altogether new developments 
there might be serious shortage about 1930. As the way out he 
indicated the possibilities of producing nitrogenous fertilisers from 
the air. This is now an accomplished fact ; new sciences, amony; 
them plant genetics, have also developed, and food production 
has extended so greatly that all fear for the future has gone. 
Instead, a new tragedy has arisen : the farmers who have made 
the world's food safe have greatly reduced their own livelihood 
through the very success of their efforts. The present situation 
is without parallel in the history of agriculture. 

The outstanding fact is that the price paid to the fanner for 
bis produce is so near the actual cost of production that he has no 
margin for contingencies — indeed, his balance not infrequently 
comes out on the wrong side. Mere increases in crop do not help 
the situation : 1928 was one of the best of recent years for yield 
but, financially, among the most disastrous. The situation can bo 
met by lowering the costs of production and by giving the farmei 
a more equitable share of what the consumer pays. With the 
marketing problem Rothamsted is not officially concerned : 
business is to reduce, if possible, costs of production. 

It Is to costs of production, therefore, that the results ot 
agricultural science are now being applied : to increase the output 
per unit of labour and of money put into the land, and to reduce 
wastes and losses. While the Rothamsted investigations -ire 
not directly turned to these ends, the information which they 
is applied thereto, and it is extended and developed in such a wny 
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as to be of maximum service to those who are seeking to help 
the farmer. 

Two important conferences were called at Rothamsted in the 
winter 1928-29 to discuss the agricultural situation. From these 
it was quite clear that the old four-course rotation is no longer 
a suitable basis for arable husbandry. Roots are too expensive and 
uncertain. Wheat-growing in general does not pay. This is not 
peculiar to England : one of the remarkable agricultural changes 
of the twentieth century is the shifting of wheat cultivation 
from the wetter to the drier regions of the world. It is taking 
place in Australia and Canada just as much as here ; regions of 
30-inch annual rainfall which produced wheat in the nineteenth 
century do so no longer ; wheat has gone into regions of 24 inches 
or less. Here in England wheat is similarly being restricted more 
and more to the dry Eastern counties, where it will doubtless 
continue. 

But it also appears that grass farming pure and simple, 
however well done, is no complete remedy. For the grass farmers 
must buy store animals in spring, and sell animals in summer and 
autumn : where too much land is in grass, prices of spring 
stores are forced too high and of autumn animals too low. 

The new agriculture that is emerging out of the present series 
of changes includes the following features : — 

(1) a closer connection between arable and grass land than 
formerly, especially an improvement in the grass and 
the lengthening of the grazing season ; longer leys in 
arable regions and use of prolific fodder crops such as 
lucerne ; the fattening of young animals on grass, as far 
as is practicable, instead of keeping them to be fattened 
during the following winter; 

(2) the growth of cheap winter food for animals to ensure 
cheap production of milk in winter and to avoid the 
necessity for the present forced sales of unfinished animals 
in autumn ; 

(3) the substitution of crops of value, such as potatoes, sugar 
beet, Brussels sprouts, cabbages, etc., for the present root 
crops ; extension of fruit growing and market gardening; 

(4) improvements in the methods of fallowing; 

(5) the use of poultry, pigs, etc., to complete the conversion 
of home-grown produce into more valuable products such 
as fresh meat and eggs, thus avoiding the necessity for 
forced sales of grain. 

Ail these problems are being studied on the Rothamsted and 
Woburn farms, and the information yielded by the experiments 
is applied to them as rapidly as is possible. 

CROP EXPERIMENTS. 

Replacement of the Old Root Break. 

Potatoes. If potatoes are to be grown at all they must be 
grown well, and In particular must be adequately fertilised. 

Since 1921, an experiment has been made each year to 
discover the effects of sulphate of ammonia and sulphate of potash 
un potatoes : the results show that the two fertilisers are closely 
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linked, and neither gives its best effect without the other. The 
results were, in tons per acre : — 


1927 ! 1928 


Sulphate of Ammonia. ; 

0 2 
cwt. per acre 

4 ! 


0 U 

cwt. per acre 

3 

Sulphate of Potash 0 

6.54 1 

7.06 

7.16 

0 

6.60 

8.75 

8.26 

Cwt. per acre. i 2 

6.56 

7.74 

1 7,85 j 

1 

7.67 

9.03 

1 11.05 

4 

6.90 : 

7.70 

1 7.45 ; 

2 

7.06 

8.79 

^ 10.63 


With sufficient potash and phosphate the increases given by 
1 cwt. sulphate of ammonia per acre have been, at Rothamsted : — 


Year. 

Date of 
Planting. 

Date of 
Lifting. 

Yield without 
Sulphate of Ammonia 
Tons per acre. 

1 Increase in cwt. 

1 for 1 cwt. 

: Sulphate of Ammonia. 

1925 

April 25 ... 

October 6 . 

7,25 

24 

1926 

April 24 ... ; 

October 21 . 

7.8 

26 

1927 

May 23 ... 

October 6 . 

6.5 

10 

1928 

April 17 ... 

; October 19 . 

7.6 

20 


Excepting only in 1027, when the potatoes were set very 
late, the increases are round about the usual 20 cwt. per acre. 

At Woburn, the increments have been more \'aried : — 


■ ! Yield without Increase in cwt. 

Year. I Date of Date of Sulphate of Ammonia for 1 cwt. 

Planting, Lilting. Tons per acre. : Sulphate of Ammonia. 


1926 May 10 ... Oct. 11-12 ... 6.6 9 

1927 June 25 ... Oct. 27-28 ... 6.6 : 9 

1928 May 5-9 ... Oct. 24-26 ... 11.9 30 


With sufficient sulphate of ammonia the increases given by 
Icwt. sulphate of potash are much more variable : they have 
been, at Rothamsted : — 


Year. 

Dale of planting. 

Yield witlumt 
Potash. 

Tons per acre. 

No dung. Dung. 

Increase for Icwl. 
Sulphate of Potash. 
Cwt. 

No dung. Dung. 

Increase lor 1 cwt. 
Muriate of Potash. 
Cwt, 

No dung. Dung. 

Hours '<f 
Sunsbinr, 
July, .Aug,, 
Sfpt. 

1922 

April 22-24 ... 

2.48 

9.21 

58 

20 

67 

18 

379 

1923 

May 4-5 

9.73 

11.70 

25 

10 

30 

23 

6 

(5()8 

1924 

May 6-10 ... 

6.20 

9.18 

10 

No 

increase 

9 

623 

1925 

April 29-May 4 ; 

6.03 

— 

40-46 

* 

48 

— 

441 

1926 

April 23 

— 

9.45 

• 

20-23 

— 

22 

47!) 

1927 

May 23 

— 

6.02 

• 

Uepres- 
j sion 

— 


420 

1928 

April 17-20 ... 1 

— 

7.69 

« 

i : 


28(»} 

(iS! 


(*) Mean of muriate and 30 per cent, pota.sh manure salts. 

• No experiment made. 

The effectiveness of the potassic fertiliser is lessened by lair 
planting : indeed, for potatoes, as for sugar beet, we know of no 
profitable scheme of manuring a late planted crop. 

Potassic fertilisers are clearly much more dependent on the 
season than nitrogenous fertilisers ; the explanation is that the) 
increase the efficiency of the leaf, an action which is advantageous 
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in sunless seasons; also they increase the vigour of the plant, 
thus helping it in seasons of spring drought or other difficulties! 

Sulphate of potash in our experiments usually excels the other 
potassic fertilisers for yield, though not by much, muriate running 
it very close and the 30 per cent, potash salt is not far behind. 
The average yields, in tons per acre, of the last six years for 
the dressing of 2 cwt. sulphate of potash* per acre and equivalent 
amounts of the other salts, have been 



1 

1 

No PoUsh. 

Sulphate of 
Potash. 

Muriate of 
Potash. 

Potash Manure 

Salts 30%. 

1922 


F.Y,M. 

8.03 

9-55 

9.21 


no 

F.Y.M. 

2.48 

8,30 

8.32 



1923 


F.Y.M. 

11.70 

12.47 

13.03 

12.07 


no 

F.Y.M. 

9.73 

12.23 

12.00 

11.43 

1924 


F.Y.M. 

9.18 

8.82 

8.70 

9.22 


no 

F.Y.M. 

6.20 

7,27 

7.15 

7,77 

1925 

no 

F.y.M. 

5.03 

9.68 

9.42 

9.36 

1926 


F.Y.M. 

9.45 

11.36 

11.52 

10.97 

1927 


F.y.M. 

6.92 

7.38 

7.16 

6.86 





7.35 

7.04 

6.46 







double dressing 


F.Y.M. = Farmyard Manure. 


The figures from 1925 onwards, when the new methods were 
introduced, have nn^re value than those for the earlier years. 

Superphosphate was included in the tests in 1928. The results 
show an average gain of 5 cwt. potatoes per cwt. of 36 per cent, 
superphosphate at Rothaiiisted, and the following at other 
centres, adequate supplies of sulphates of ammonia and of potash 
being given : — 

Wisbech ... ... 3 cwt. potatoes. 

Stowbridge 19 cwt. ,, 

Woburn 

Rothamsted 

Aberystwyth 

Average: 7 cwt, potatoes per 
At three of tlie five centres 
(though not at this rate) up to 8 cwt. superphosphate, at one 
(Aberystwyth) there was no clear increase, and at one (in Lincoln- 
siiire) there was apparently a decrease ; this is being more fully 
exaininefl this year. Tfic yields arc given on pp, 113, l.-)6, 

The effect of the superphosphate is dependent on the presence 
nt sufficient nitrogen and potash as shown in the bdiowing yields 
at Rothamsted in tons per acre : — 


8 cwt. ,, 

5 cwt. ,, 

Ml 

cwt. superphosphate, 
increases in yield continued 


Varying nitrogen, adequate potash 1928, 


With super 

^^0 super 

Gain due to super 



Sulphate of Amruonia. 


0 cwt. 

Uewt. 

3ovt. 

7.67 

9.03 

11.05 

7,62 

9.15 

9,76 

Nil 

Nil 

1.29 


* Rather less on the feirmyard manure plots of 1922, 3 and 4. 

* Full Report. 
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Varying potash, adequate nitrogen 1928. 


1 

Sulphate of Potash. 

1 Oewt Icwt. 2cwt. 

With super 

8.26 

11.06 ■ 

10.63 

No super 

8,00 1 

1 0.76 

9.74 

Gain due to super (3-cwt. per acre) 

0.26 

1.29 

0.89 


It has now become possible to arrange for a satisfactory 
investigation into the influence of manuring on the quality and 
keeping value of potatoes. Dr. Lampitt, Head of Messrs. J, 
Lyons’ laboratories, is conducting cooking tests (boiling and 
frying) of all our samples fresh from the field and after storage, 
and with his help we hope also to obtain the percentages of dry 
matter, starch, nitrogen and other constituents likely to influence 
quality. 

Sugar Beet, The Beet Sugar Factories — Anglo-Dutch Group 
— generously made grants in 1927, 1928 and 1929, enabling us to 
carry out extensive fertiliser trials at Rothamsted and Woburn, 
and to repeat typical experiments elsewhere. These trials, being 
in much more detail than was previously possible, have brought 
out a number of important points, but they have also shown that 
we do not yet properly understand the manuring of sugar beet 
and, therefore, are not obtaining as large yields as we ought. The 
Continental recommendations which most farmers follow are not 
altogether suitable to English conditions. 

In 1927, sowing was unavoidably delayed at Rothamsted 
and the purpose of the experiment was to discover whether in 
these conditions, which are always liable to arise in a heavy 
soil, any fertiliser scheme could make up for lost time. Unfortu- 
nately, none of the forms or combinations of nitrogen, potash, 
phosphate proved successful, and we do not yet know how to get 
over the difficulties of late sowing. 

The other experiments of 1927 and those of 1928 were to 
discover the effects of the various fertilisers on the crop, both on 
loots and leaves, the latter being important as stock food. 

The leaves behave normally towards fertilisers. Nitrogenous 
fertilisers deepen their colour and increase their size : an additional 
liundredweight of nitrate of soda gave about one ton of addi- 
tional leaf per acre. 

The roots, however, are much less affected than the leaves and 
are not nearly so responsive as mangolds. One ton of mangold 
leaf will commonly give about 4 to 6 tons of root, but one ton 
of sugar beet leaf may give only one ton of root and sometimes 
much less. Sulphate of ammonia applied with the seed had but 
little effect : muriate of ammonia was rather better, but nitrate 
of soda was best of all. None of the nitrogenous fertilisers, how- 
ever, did much to increase the yield, while they all lowered the 
sugar content and the weight of root formed per 100 parts of 
leaf. Phosphate had but little effect either on yield or sugar 
content. Potassic fertilisers also had only little action, but, of 
these, potash manure salts was somewhat better than the muriate. 

The results suggest that sodium, perhaps magnesium and 
chlorine, play some part in the nutrition of the sugar beet, and 
that the plant cannot make full growth unless they are supphe - 
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Roihamted, 1928. 


1 

i 

KitlOj 

Top Di 
Nitro 

2 cwt. 

1 

leJUKB 

chalk. 

4 cwt. 

Potassic 1 

FertiUsas. | 

i Potash 
Muriate ot Manure 

1 Potash. 1 Salts. 

Pbcephatic 

Fertfliseis. 

1 j Super- 

! None. |Pho8pbate, 

Roots, tons per acre 

9.25 

9.19 

: 9.08 ^ 

9.23 

f 9.06 I 

9.26 

Tops, tons per acre 
Sugar, per cent, in , 

11.59 

12.39 

1 11.26 1 

i 1 

11.60 

1 n.32 

11.64 

roo^ 

17.63 

17.27 

; 17.61 1 

1 i 

17.61 

^ 17.60 

17.63 


Woburn, 1928. 


^ Sulphate of 
AtQjQonia. 
i No top 

1 dicssiiig. 

Muriate of 
Ammonia. 
No top 
dressing. 

Sulphate of 

Ammonia and 
Nitiochalk. 

Muriate of 
Ammonia and 
Nitrochalk. 

Roots, tons per acre ... ; 13.82 

14,42 

14.00 

1 15.10 

Tops, tons per acre ... ■ 11.47 

11,98 

12.49 

! 13.59 

Sugar, per cent, in root 18.07 

18.00 

18.22 

1 17.76 

) 


The effect of nitrogenous manure in lowering the efficiency 
of the leaf as a producer of root is shown by the weight of root 
made by 100 of leaf ; — 


Top dressing (Kitrochalk) ... None Single dose Double dose 

Muriate of potash 89.4 78.6 73.8 

Potash manure salts 88.6 80.5 73.0 


The results are disappointing and show that we still have 
much to learn about the manuring of sugar beet, and about the 
varieties best suited to our conditions. Our present varieties 
come from the Continent, and in the long continued process of 
selection the search has been for roots rich in sugar suitable for 
the factory, but not necessarily for the farmers. As compared 
with the sugar beet grown sixty years ago at Rothamsted, the 
1928 roots are much richer in sugar, but the yield per acre, both 
of roots and of sugar, has decreased, and the efficiency of the 
leaves has fallen considerably. The improvement has apparently 
been mainly a shrinkage in size of the root, thus compacting the 
sugar into a smaller space : — 


Yield, tons per acie, One ton of lop Su^ar. 

Years. made roots 


Roots. 


in ions. 

Per cent in root 

Cwt per acre. 

1871-3 ... 

18.9 

5.1 

3.7 

il.O 

41.6 

1928 

9.4 

12.2 

0.8 

17.6 

33.1 


Apparently there is room for considerable improvement, both 
in varieties and in management of this crop, the restricted response 
to fertilisers suggesting some kind of congestion in the plant ; 
ff is not always obtained : for example, at one of the outside 
centres (Durham) muriate of potash was distinctly effective, the 
yields being in tons per acre : — 
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No Potash. 

1 Muriate of Potash, cwt. per acre. 


1 

i 

2 

9.75 

10.26 

10.87 

12.32 


Each plot also received 1 cwt. sulphate of ammonia and 4 cwt. super- 
phosphate per acre. 

Increase per cwt. muriate of potash — 20 cwt. sugar beet. 


It is somewhat curious that the factory determinations of the 
percentage of sugar in the roots were consistently lower thamours 
made on samples taken direct from the field. 

Cereals. 

Under British conditions the most important fertilisers for 
cereals are the nitrogen compounds : these act with considerable 
uniformity, 1 cwt. sulphate of ammonia giving increases that 
range about 4^ bushels of wheat, 6 bushels of barley and 8 bushels 
of oats. The figures vary from season to season, but their 
relationships to the meteorological data are not yet fully known. 

Barley, The experiments on barley are made in conjunction 
with the Institute of Brewing to ascertain the effect of soil, season 
and manuring on the yield and malting quality of barley. During 
1927 and 1928 they haye been continued at Rothamsted, Woburn, 
Wellingore (Lines.), Chisleborough (S. Somerset), Fitzhead (\ :<le 
of Taunton) and Longniddry : they w'ere, however, discontinued at 
the other centres, sufficient information having already been 
obtained. The most striking effect again was the increase given 
by 1 cwt. sulphate of ammonia per acre; this was greatest in 
years of low yield and least in years of high yield so that the 
effect of the fertiliser is to even up the results : the yields have 
been, in bushels per acre : — 

Lowtst HiiLihest kan«e of 

Vari;itioii 

Without nitrogenous fertiliser 19.9 47.9 28.0 

With nitrogenous fertiliser ... 32.5 44.4 11.9 

So far as the data go, the increments of yield seem to be 
affected by i — 

(1) sufficient rainfall in spring to allow of tillering propor- 
tionate to the nitrogen supply; 

(2) sufficient sunshine in July to allow of head fornnition 
proportionate to the nitrogen supply. 

The values of the increments for the past eight years have 
been at Rothamsted 



1 1923. 

; 1927. 

i 1924. • 

1928. 

1921. 

1925. 

1922. 

mf<. 

Ittcremect of yield. 
busheU 

12.8 

^ 10.4 

^ 7.7 

7.0 

6.8 

6.0 j 

i s-o 

•4 5 

Yield without ni- 
tre^enous man- 
ure, bushels ... 

19,9 

23.0 : 

1 22.1 

28.6 

1 27,2 

25,0 

31.0 

17,9 

Rainfall in inches : < 
March 

2.48 

2.38 ! 

1.14 

2.40 

1.07 

1.22: 

2.29 

0.22 

April 

i.48 

! 1.86! 

^ 3.18 

0.91 

1 1.57 

1.70 

3.52 : 

2.96 

May 

1.68 

; 1.19 

4.63 

1.45 

1.45 

2.48 

1 68 

I 95 
151.1 

July sunshine hrs. j 

1 223.6 

i 

130.4 

1 

236.6 

276.3 

1 240.0 

i ! 

183.6 

149.5 
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The high increments are associated with years of 3 to 4 inches 
March and April rain and 200 or more hours of July sunshine, 
1927 being the only exception. A higher increment might have 
been expected in 1924, but the abnormally wet summer and 
autumn greatly encouraged the growth of weeds and protracted 
the harvest. 


The New Nitrogenous Manures. 

Four nitrogenous fertilisers have been compared in detail. 
The results were, at Rothamsted, for barley 


1927. 192S. 


l 

Grain, 1 

Dusbels 1 

Straw, 

cwt. 

Grain, bushels I 

Straw 

cwt. 


per acre. ; 

per acre. 

per acre. 

per. 

acre. 


Single 

Double: 

Single 

Double 

Single ' 

Double 1 

Single 

Double 


dose, 

1 

dose, i 

dose. 

dose. 

dose. 

dose. 

dose. 

dose. 

Sulphate of ammoma 

i 34.0 

37.8 

I 20.4 

22.2 

35.5 

34,6 

i 32.1 

34.5 

Muriate of ammonia 

36.2 

47.0 

1 20.0 

27.0 

34.6 

37.5 

! 31.3 

36.2 

Urea... 

' 32.8 

, 43.8 

; 20.0 

24.3 

35.0 

35.8 

i 31.1 

32.8 

Cyanamide 

36.0 

35.8 

: 20,8 

20.7 

33.4 

37.5 

^ 28.8 

33.8 

No nitrogen 

23,6 

i 15.4 

28.6 

24.4 


All fertilisers markedly increase the yield, with muriate 
(T ammonia coming out best as usual in 1937, and quite well in 
1938. In both years cyan amide has done well : it was applied a 
few days before sowing. Urea docs not come up to muriate of 
ammonia. 

These nitrogenous manures act best when they are applied 
with the seed— cyan amide should go on even earlier. Used as 
top dressing, even ammonium nitrate (nitrochalk) is ineffective, 
and when given late it only raised the percentage of nitrogen 
in the grain. 


No top Nitiochalk applieti : 

Barley dressing. May 12. June 4. June 19. 


Grain, bushels per acre 3J.1 30.8 33.0 31 4 

Straw, cwl. per acre ... . - 30.1 31.9 32.1 29.5 

Nitrogen per cent in grain 2.075 2.118 2.110 2.160 


Superphosphute on barley. The Hoosfield barley plots afford 
the best demonstration in the world of the effects of phosphate, 
potash and nitrogen starvation on the barley plant. In British 
practice, phosphate starvation is rare, tlie barley being grown 
only one or two years after a root crop which has been manured 
with a pliosphatic fertiliser. The farmer is more interested in 
the other problem : the effect of doses of phosphate larger than 
are needed to supply the bare necessities of the plant. Ihis 
depends very much on the season, but also on the soil. In the 
outside experiments the glacial drift soils at each of the three 
Norfolk centres have always responded to superphosphate. On 
other soils, however, the response varies from season to season : 

at Rothamsted, a response was obtained in 1927, but hardly 
in 1928 



Rothamsied. 



Giaio, i 

i 

Straw, 


bushels 

per acre. 

cwt. pex acre. 


ld27. 

1928. 1 

; 1927. 

1928. 

Superphosphate 

35.0 

33.6 

20.7 

i 30.3 

No superphosphate 

31.4 

32.8 

! 18.9 

29.4 

Effect of superphosphate 

+ 3.6 

+ 0.8 

1 +1.8 

+ 0.9 


The figures for the straw vary in the same direction. No 
connection between the meteorological data and the response to 
phosphate has yet been traced. 


Fotasstc fertilisers on barley. The effect of potassic fertiliser, 
like that of phosphate, is much less marked than that of nitro- 
genous fertiliser. Few soils, except perhaps the thin chalks and 
light sands, show signs of potash starvation, and it is not clear 
that excess of potash over and above a margin of safety is 
advantageous : indeed, in some seasons, especially the good ones, 
sulphate of potash appears to be harmful. During its 77 suc- 
cessive years under barley, Hoosfield has passed through three 
stages : the first, when sulphate of potash not infrequently 

reduced the yield ; the second, when it had no effect; and the third, 
when it increased the yield, potash starvation having set in at the 
end of about 32 years. The yields of grain have been, in bushels 
per acre : — 




Early years. 



Meaa of ; Mean of 

Mean of 


,1st 8 yn. 
PkJt. : 1862*&9. 

1863. 

1864. 

1865. 

1866. 

40 years. 8 years. 
1852<91. 1908-15. 

12 ypais 

1916-27. 

Complete 

artificials’ 

i 4A : 46.4 

55.4 

55.4 

46.5 

47.0 

i 43.6 : 40.4 

32.0 

No potash 

j 2A : 44.9 

61.6 

68.5 

48.4 ; 

50.5 

42.75-^ 28,5 

, 26.5 

Difference^ 

+ 0.5 

—6.2 

—3.1 

—1.9 ^ 

- 2 6 

4-0.76 : +11.8 

45-5 

i 


(1) Suliihates of soda anil of magnesia art also otnillrd as well as Mili'h.itc of ;ioiasl(, l>ut 
other plots show that ihtir effects are relatively small , 


Sulphate of potash caused a marked depression in yield of 
malting barley at Rothamsted in 1924 and at certain of the outside 
centres in other years : this is not common, but it appears to be 
a true result. The present data suggest that : — 


(1) in years of high spring rainfall and good ripening 
weather, t.e., years favourable to the formation of weil- 
matured grain of low nitrogen content, sulphate of potash 
may decrease the yield of barley ; 


(2) in years unfavourable to ripening, sulphate of potash has 
less depressing effect and may even raise the yield of 
barley. 

These variations are of the same kind as for wheat and 
potatoes, on both of which sulphate of potash acts beneficially in 
unfavourable seasons, and has less effect in good seasons, the 
badness of the season being in each instance measured by the 
yield of crop receiving no potash. 

Actual depression of crop, however, seems to be confined o 
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barley, and apparently to sulphate of potash, for it has been 
observed with muriate of potash only in 1924; whether the chlorine 
ion is beneficial and the sulphate ion harmful, is not known. 

Effect of Fertilisers on Composition and Quality of the 
Grain, 

The percentage of nitrogen in the grain of barley depends 
on the amount of nitrogen the plant has taken from the soil and 
on the amount of carbohydrate it has synthesised during its 
growth. A high nitrogen uptake makes possible considerable 
growth and sufficient carbohydrate formation to over-balance the 
nitrogen ; the grain then has a low nitrogen content. It depends 
on the favourableness of the conditions whether this possibility 
eventuates. Late sowing, or a check in growth due to drought, 
or a late supply of nitrogen to the plant, may so cut down the 
available time that the plant cannot make the necessary carbo- 
hydrate ; the nitrogen content of the grain then becomes high. On 
the other hand, high rainfall in the weeks after sowing, by reduc- 
ing the nitrate in the soil, but otherwise favouring growth, lowers 
the nitrogen content of the grain, as shown by the following data, 
obtained at Woburn 


Nitrogen per cent. 

2.01 

1.95 

1.71 

1.57 

1.23 

Year 

1925 i 

1922 

1923 

1926 

1924 

Barley sown ... 
Rainfall in inches 

March 31 ; 

April 19 

April 10 

March 4 

March 11 

after sowing. 
March 




0.09 

0.35 

April 

May lst-15th 

1 1.59 

1.93 

1.34 

2 59 

2.97 

inclusive 

1.18 

0.35 

i 

0.79 

1.43 

1.35 


In sufficiently favourable conditions, sulphate of ammonia 
may still further increase the carbohydrate production and thus 
further reduce the proportion of nitrogen in the grain ; in less 
favourable seasons, however, insufficient carbohydrate is produced 
and the nitrogen content of the grain may be raised. As the 
nitrogen content is already low in favourable and high In un- 
favourable seasons, it follows that sulphate of ammonia tends to 
lower the nitrogen content of the grain in years when it is low 
and to raise it in years when it is high. Larger quantities (2 cwt. 
per acre) tend to raise it in any case. I’lic Rothamsted results 
have been : — 


Percentage of y^itrogen in Craiji. 



1925. 

1928. 

1927. 

192S. 


No Nitrogen 

.. 1.697 

1,599 

1.452 

1.915 

Sinde. 

Double 

dressing. 

Sulphate of Ammonia 

.. 1.585 

1.711 

1.442 

2.029 

2.220 

Muriate of Ammonia 

1.552 

l,f>84 

1.43S 

1.9S5 

2 112 


As in previous years muriate of ammonia gave grain of 
lower nitrogen content than sulphate of ammonia. Rotassic 
fertilisers counteract to some extent the tendency for sulphate of 
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ammonia to raise the percentagfe of nitrogen; at Woburn, in 1928, 
the percentages of nitrogen in the grain were : — 


Eflect of Sulphate of Ammonia. Effect of Snip! 

Superphosphate and Sulphate of Superphosphate 

Potash. Ami 

+ Sulphate of 1 No Sulphate + Sulphate of 

Ammonia. of Ammonia. Potash, 

hate of Potash. 

and Sulphate of 
nonia. 

No Sulphate 
of Potash. 

j 

Sulphate of 
Ammonia and 
Sulphate of Potash. 
No Super- 
phosphate. 

1.372 

j 1.310 1.372 

1,398 

1.346 


The nitrogen content of the barley, more than any other 
single factor, determines its malting value. It is closely connected 
with the amount of “ extract ” and with the diastatic power of 
the malt, the extract varying inversely and the diastatic power 
directly wath the nitrogen : it has also more subtle ellects. 

ITe investigations by Mr. Bishop on the nitrogen compounds 
of the barley grain have reached an interesting stage. The pro- 
portions of hordein, glutelin, and salt-soluble compounds are all 
connected with the percentage of nitrogen in the grain : for 
different samples of the same variety (Plumage-Archer) the glutelin 
increases proportionately to the nitrogen, the hordein increases 
more rapidly, and the salt-soluble compounds less rapidly than 
the nitrogen. The relationships are the same, whether the varia- 
lit)n results from changes in soil, season or manuring; it appears, 
tliereforc, that the ratio glutclin/nitrogcn may be a varietal con- 
stant of considerable interest to the breeder of barley for quality, 
and this is being determined for some of the new barleys grown 
by the National Institute of Agricultural Botany : the barleys are 
also being malted by the experts of the Institute of Brewing. 

The large number of analyses of British-grown barleys made 
in recent years at Rothamsted has shown that the grinding bar- 
leys are richer in protein than is usually supposed. The figure 
quoted in the standard Britisli tables is 8.6 per cent, of protein, 
corresponding to 1.‘18 per cent, of nitrogen; our results show that 
the figures have been, for barleys wliich buyers would not take 


for malting : — 

45'- ami Ifs 

,s Valuation heliuv in'- 

1922 

1.72 

1.76 

192.3 

1.73 

1.95 

1925 

1.86 

2.16 

1926 

1.58 

1.65 


__ — 

— 

Mean 

1.72 

1.88 

Protein on conven- 
tional basis 

10.8% 

11.8% 

The results show llu 

It less protein 

concentrates, such as 


decorticated cotton seed cake or meal, or decorticated ground nut 
cake, than is usually reiotn mended, need be mixed with barley 
meal for feeding to farm animals. 

Winter-Sown Oats ano Wheat. 

The experiments have given further information as to ilic 
effect of time of application of the sulphate of ammonia, and 
we are* now able to sketch out the following as the probable 
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facts. In its relation to nitrogen supply, the life of a cereal 
plant has two well-marked periods : the first, in which roots and 
tillers are formed but no heads; the second, in which heads develop 
on the tillers, but no more new tillers are formed. For autumn- 
sown cereals, the first stage is so long drawn out that it can 
be sub-divided into a first period, starting at the time of germina- 
tion and continuing all through the winter, when root formation 
is the chief process, and a second period when tillering proceeds 
actively; at Rothamsted, this is mainly in the spring, about March, 
or early April. Roots, tillers and heads are all increased by nitro- 
gen supply. 7'he heads, however, are increased in number only, 
and not in size or number of grains ; there is even a small tendency 
for the number of fertile grains to decrease. 

Applied during the time of tillering (which at Rothamsted is 
about the month of March) the nitrogenous fertiliser increases the 
number of tillers. 

Applied after tillering has ceased, it can still increase the 
amount of grain, and also the amount of straw, though not as 
much as if it had gone on early enough to increase the tillers also. 
The earlier application has therefore at first sight the advantage. 
It suffers, however, in that some of the nitrogen may be washed 
out by rain, leaving insufficient for the crop unless an excess 
has been added. In practice, the ordinary dressing of 1 cwt. 
sulphate of ammonia per acre is best applied late, as it gives 
more grain and but little less straw than if applied early, while 
the larger dressing of 2 cwt. sulphate of ammonia is best applied 
early, as it then gives crmsiderably more straw and somewhat 
more grain than if applied late. The averages of all results for 
the four years 1025-28 have been : — 

Increases over }iO i\ilrogen. 


Grain. i .Straw. 

Single. Double. Single. Double. 

Early Late Early I.ate , Early Late Early Late 

5.8 8.r 9.4 10.8' 7.1 6.6 14.0 8.7 

1.9 4.3 5 3 2.8 1 3.8 4.6 7.5 4 3 

Mean of all Tests with Sul- 
phate of Ammonia and 

Muriate of Ammonia ... 3.5 6.0 6.7 5.1 ; 5.1 4.8 10.8 4.6 


Sulphate of Ammonia, 
Oats (2 years) ... 
Wheat (3 years) . , . 


Muriate of ammonia gives substantially the same results 
as sulphate of ammonia. The details are as follows : — 


Graik, Bushels per .\cre. 


No 

:Nitrog«nl 


Sulphate of Ammonia. 
Single dose. Double dose 
Eariy. Late. Early. Late, 


Muriate of Amnionia. 

Single dose. Double dose. 
Early, tate, Early. Late. 


Oats, 1926 ! 

49.6 

69.4 

64 2 

66.4 

693 

61.6 



62.3 



Oats, 1926 

76.4 

1 77.2 

77.0 

77.4 

77,3 

78.8 

82.4 

77.6 

78.4 

Wheat, 1926 

! 27.0 

24.5 

32,8 

30.8 : 

32.1 

35.4 

34 4 

37.0 

29.5 

^Vheat, 1927 

1 44,2 

40.5 

44.0 : 

61.0 i 

49.9 

44.0 

49.3 

60.1 

48.9 

Wheat, 1928 

43.3 

44.4 

50.6 i 

— 


48.5 

48.1 

— ; 

— 


I 
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Ko 

Snuw, CwT. PiR Acri. 


Sulphate of Ammonia, 

Muriate of Ammooia. 


NitiQ^a 

Sinde dose. 

Double doee. 

Slnjde doee. 

Double doae. 



Early. 

Late. 

Early. 

Late. 

Early. 

Ute. 

Early. 

Late. 

Oats, 1925 

23.6 

31.8 

30.8 

36.7 

34.6 

31.8 


37.4 



Oats, 1926 

44.1 

60.0 

60.0 

58.9 

60.3 

62.6 

48.6 

58.2 

47.2 

Wheat, 1926 

1 41.3 

43.7 

44.9 

46.2 

46.7 

46.4 

44.8 

60.3 

43.1 

Wheat. 1927 

' 45.8 

51.4 

48.6 

55.8 

48.0 

48,4 

60.0 

66.3 

49.1 

Wheat. 1928 

i 29.2 

32,5 

' 36.7 

— 


, 33,3 

i 

33.7 

i 

, — 


Cereal mixtures for green feed, hay or silage, and therefore 
grown for leaf rather than grain, should receive their nitrogenous 
dressing during tillering time. 

Nitrogen in wheat grain. An experiment was made in 192'^ 
in conjunction with the Research Association of British Flour 
Millers to ascertain how far the nitrogen content of wheat can 
be altered by variations in time of application of nitrogenous 
fertiliser. No significant effect was produced by manuring^ 
although there were differences between the varieties : Yeoman 
II and Square Head’s Master both contained more nitrogen in 
the grain than Swedish Iron or Million III. The percentage of 
nitrogen in the dry grain was : — 


Different Varieties. 


Different Times of Applying 
Nitrogenous Fertiliser. 


Yeoman II 1.700 

Square Head’s Master 1.698 

Million III 1.565 

Swedish Iron 1.639 


No nitrogenous ferti- 
liser 1.646 

Early top dressing ... 1.642 

Late top dressing ... 1.639 

Early and late top 
dressings 1.657 


Grassland, 

Grass presents special problems because it is not a single crop 
but a mixture, the members of which are competing w'ith one 
another. Further, the value of grass is not sufficiently expressed 
by its weight : it depends not only on the kind of plant but on the 
way the plant grows, whether leafy or stemmy. Two qualities 
are important to the farmer : palatability and feeding value, 
i’alatability is tested in the Woburn experiments in Broadmead, 
where grass is treated with lime, basic slag, superphosphate, pot- 
assium salts on separate unfenced plots, all of which are then 
grazed by animals free to wander where they will. They congre- 
gate on the most palatable herbage and leave the rest : they chor>sc 
always the plots treated with lime and phosphate. Feeding value 
is tested at Rothamsted; the plots are fenced in and the animals 
are given no option as to where they shall go : they arc weighetl 
each fortnight. The results again show the value of phosphate, 
especially the basic slag of high solubility : within certain limits 
they show that a 2 per cent, solution of citric acid is a useful 
agent for estimating agricultural value, though others are being 
tested with promising results, rhe experiments have emphasised 
the importance of skilful and close grazing in the management of 
grassland ; this is even more important than manuring and, 
indeed, some of the records show that a properly manured pasture 
badly grazed may be worse than one left unmanured. 
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Grazing experiments are, however, the most unsatisfactory 
of all field trials; they are crude and liable to gross errors. They 
answer well enough to show strikingly obvious differences, such 
as those obtained at Cockle Park; and, with proper precautions 
to ensure success, they can make effective demonstrations, but 
they give little or no information beyond what a competent grazier 
could deduce on mere inspection of the herbage. The variations 
in the individual animals, the marked difference in results accord- 
ing as one more or one less is put on a particular plot, and 
the impossibility of allowing for their maintenance requirements, 
complicate a problem already rendered difficult by the variations in 
the land itself. We are endeavouring, during the present season, 
to improve the method so as to 'make it yield more useful results. 
We are also testing the mowing method used successfully in 
certain investigations. 

The results have given some interesting measurements to 
show what grassland can do in various parts of the country. 
The live weight increases in pounds per acre of the sheep grazed 
on the unmanured plots have been : — 



Leicestershire. 

Thnissiagtoa. 

Somersetshire, 

Fiddbgton. 

Hertfordshire, 

Rotbamsted. 

1921-4 


_ 

— 

115 


1926 


133.8 

242 

SI* 


1926 


217.0 

187 

204 


1927 


274.6 

297 

— 


1928 


203.8 

423 

91* 


Average 


207.3 

313 





‘ Hart of Season only. 



The live weic 

ht increases on 

the slag plots at 

Rotbamsted 

when that on the unmanured is put at 100 are;— 



Per cent- soluble in Citric Acid. 

81 - 77 

71 

2S 

Gafsa. 

Average — 






1921-4 


98 : 112 

141 12.S 

100 

99 

1925 


95 127 

90 168 

59 

123 

1926 


112 no 

104 104 

104 

95 

1928 


94 : 112 

^ 109 10') 

115 

125 

Mean 


99 ! 114 

: 124 128 

95 

105 


The first dressing was given in 1921, and the plots were 
redressed in 1925. 

Much clearer results are obtained in the manuring of hay- 
land. Experiments on this subject were begun in 1856 on grass 
which even then was very old, and they have been continued ever 
since, the land being hayed every year, two crops being taken 
without grazing. The results are given on pp. 120-7'; they show 
the importance of potassic and phosphatiq fertilisers for ensuring 
quality, and of nitrogenous fertilisers for giving bulk and early 
growth. 

The effect of slag depends on its solubility : slags of 60 per 
cent, or more solubility in the 2 per cent, citric acid solution are 

’ Full Report. 
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more effective than those of 40 per cent, or less. The results 
were : — 


1 Yield, cwt. per acre : No manure, | 

j Old meadow. 1 New ley. [ 

1 Enmore, Somerset, j Brooke, Nrafolk. 

im 
Yiel 
Eomoie, : 
Solut 
87% 

provement given by sUg. 

Id when uamanured » 100. 
Somerset. | Brooke. Nc^olk. 
>ility. I Solubility, 

j 87% j 87% j 87% 

1926 . 

.. ! 27.4 

! 46.7 


1 112 

i 100 116 

1927 

.. ! 26.1 

! 13.8 

i 115 

123 

133 169 

1928 . 

.. ! 9.4 

1 i 

14.9 1 

^1 

: 119 

i 125 

128 171 


The rapid fall in yield of hay from the new ley is characteristic 
of the Eastern counties, and illustrates one of the difficulties of 
grassland farming there. 

The experiments show that the old citric solubility test is 
of considerable practical utility in discriminating between the 
various slags now offered to the farmer, and they show the 
wisdom of insisting on a high solubility in general. Low soluble 
slags may serve a useful purpose in special conditions, but they 
should be bought only when the farmer has good reason to know 
that they will act well. 

Fallow. 

One of the most striking of recent changes in agriculture has 
been the increase in land under bare fallow. This represents a loss 
of crop in the current year, but a gain, and sometimes a marked 
gain, in the next, so that it is not necessarily as wasteful as it 
appears. The fallowing of part of Broadbalk has given us oppor- 
tunities of observing some of the results : on part of it that has 
had a two years’ fallow, the yields have been : — 


■ Plot. 1 

1928. 

Grain. 

Bushels 
per acre. 

straw. 
Cwt. 
per acre. 

Average 77 years, 1852-1928. 
Grain. i Straw. 

Bushels Cwt, 

1 per acre, per acre. 

No manure since 1839 

3 

27.9 

27.8 

i 11.8 1 

9.9 

Complete artificials 

13 

65.2 

32.0 

29,2 

30,8 

No potash 

11 

1 56.9 

31.4 

21.4 1 

21.8 

No potash or phosphate 

10 

; 47.0 

25.8 

18.8 i 

18.1 

No nitrogen 

5 

35.2 

34.8 

13,6 ! 

10,6 

Farmyard manure ... 

2B 

484 

61.4 

332 

34.5 


The result is a remarkable increase in the yield of grain 
and in the proportion of grain to straw. Never in the 86 years of 
successive wheat growing has Broadbalk grown a crop so thick 
set with grain, and we are unable at present to explain it. Ihe 
season was very favourable, but probably not more so than some 
of the great wheat seasons of the past, 1854, 1857, 1863, 181U, 
yet in none of these was so much grain produced. Much of the 
effect is probably attributable to the fallow, but whether the action 
is the suppression of weeds, the decomposition of vegetable and 
other matter, or some physical change in the soil, we cannot 
decide. Something more seems to be involved than an increase m 
plant nutrients, for no fertiliser scheme we have yet tested pro- 
duces this great increase in the proportion of grain. The ordinar) 
fertilisers increase both grain and straw : the fallowing someNnv 
caused the plant to produce grain and not straw. The investiga- 
tion is being continued. 
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LUCERNE. 

The value of lucerne as fodder is well recognised, but only a 
comparatively small area has hitherto been grown, and this is 
mainly restricted to the south-eastern part of England : elsewhere 
it often fails to survive. Investigations made by Mr. Thornton 
during the past five years have revealed both the cause and the 
remedy. Like other leguminous plants, lucerne is dependent on 
the bacteria living in the nodules of its roots, and as these are not 
normally carried in the seed they must enter the plant from the 
soil : if they do not occur there, the plant fails to grow well. The 
experiments show that the organisms are absent from many 
of the soils of the north and west of England, but they occur in 
the home counties and East Anglia, where lucerne has been 
grown for many years : they occur also, though probably in 
smaller numbers, in the fiat region stretching away from the 
home counties to Cheshire— the region known to geographers as 
the Midland Gate. Mr, Thornton has developed a method of 
adding the necessary organisms by a process of inoculation which 
is both successful and Inexpensive, Increasing the yield of crops by 
20 per cent, or more in districts where the appropriate bacteria 
are absent from the soil, and usually increasing the nitrogen 
content and therefore the feeding value. Inoculated lucerne 
seems to have as good a chance of survival in the north and west 
as in its old home in the south-east and East Anglia. Inocula- 
tion is particularly advantageous where lucerne is sown with a 
cover crop. 

Inoculation, however, is not the only thing necessary to 
ensure success. Lucerne is very liable to weed infestation, in 
spring with the usual annuals, in autumn with special weeds like 
groundsel and chickweed. Trials showed no advantage, however, 
in delaying the sowing for the sake of extra cleaning : spring 
sowing in a cover crop has given the best results in our trials as 
widely separated as Somerset, Monmouth, Montgomery, Cumber- 
land and Rothamsted. 

Soil acidity is a potent cause of failure of lucerne, being 
harmful both to the plant and the organism. Acid soils must be 
limed before inoculation. Ahvay has obtained evidence that m 
Minnesota a second crop of lucerne sown immediately after the 
ploughing in of a first crop that has partially failed has a 
greater chance of success. No evidence for this was found at 
Rothamsted, nor of any acid resistant strain of organism that 
could be used on acid soils. Up to the present liming remains 
the only way of making an acid soil fit for lucerne. 

Mr. Thornton, assisted by Mr. P. H. H. Gray and by 
generous grants from the Research Fund of the Royal Agri- 
cultural Society of England, has developed methods for prepar- 
ing cultures of the bacteria on a large scale for distribution 
to farmers; he has also worked out a simple and effective way 
of putting the cultures on to the seed. The bacteria travel safely 
and are still vigorous at the end of their journey : indeed a pack- 
age of them is being sent round the world to see if they will 
tolerate the 12 weeks of travel thereby involved. The cultures 
can be kept on the farm for at least two months before they 
need be used. 

Although no advertising has been attempted the demand 




for cultures has increased rapidly. In 1927, 900 were sold, suffi- 
cient to inoculate 6,300 lb. of seed. In 1928, the cultures were 
further improved so that each one would inoculate twice as much 
seed; 1,760 were sold, representing 2i,600 Ib. of seed or nearly 
1,000 acres of lucerne. The business of selling cultures, however, 
is not suited to the Rothamsted organisation; it is, therefore, 
being handed over to a trustworthy and efficient firm who are 
undertaking to keep close touch with the Rothamsted workers 
and embody in the process such improvements as from time to 
time may be effected. 

THE ACCURACY OF THE FIELD EXPERIMENTS. 

A new method of field experiments was introduced here in 
1925 and has been used exclusively in all the new field experi- 
ments both at Rothamsted and at Woburn. Its purpose is to 
get over the difficulty of soil variation, and to measure the prob- 
ability that the result is due to the treatment and not to soil 
differences or mistakes by workers. Dr. R. A. Fisher and the 
staff of the Statistical Department have worked out suitable 
arrangements of plots, the most convenient in practice being a 
grouping into blocks each of which contains one each of the 
proposed treatments, or into a latin square, each row and each 
column of which contains one, but no more, of each treatment. 
From the figures for yield, a standard error is worked out which 
shows the degree of trustworthiness of the result. A difference 
in yield equal to the standard error of this difference can be 
obtained about once in three trials even when the experimenter 
is convinced that he has given exactly the same manuring and 
cultivation to each of the plots, but a difference twice this size 
would be obtained by chance only once in 22 times ; it is there- 
fore much more likely to he true. The chances against the 
difference in yield being due to causes other than tlic difference 
in treatment are : — 

For difference equal to its Standard error ... 3 to 1 

,, ,, double ,, ,, ... 22 to 1 

,, ,, three times ,, ... 370 to 1 

,, ,, four times ,, ... 15,780 to 1 

For most agricultural purposes a chance of about 30 to 1 is 
good enough. The “ standard errors *’ given in the following 
tables are those for the yield values, and tliey have to he multiplied 
bv PiU (j.e., ^'2) in order to give the strmdard error of the 
difference between treated and untreated plots —the figure one 
usually wants. To attain a prf>bability of 30 to 1, a dilTerence 
must be rougldy three times the standard error given in the 
tables, ' 

'I'he method necessitates a large number of plots : during 
the year 1928 t lie re were at Rothamsted and Woburn ; — 

Cereals 240 

Potatoes ... ... 250 


Sugar Beet 222 

Remarkable accuracy can, however, be obtained : in 1927, 
the potato c.cpcriment of eighty-one plots testing different quanti- 
ties of nitrogen and different quantities and kinds of potassic 
fertiliser had a standard ci ror of only 1.14 per cent. The values 
for all the experiments so far done are given in Tabic 1. 
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The standard error per plot is, for a number of the experiments 
about 5 per cent of the average yield; for others, incluZg those 
on mangolds and sugar beet, about 10-15 per cent., the lareer 
errors being at Woburn. One of the many advantages of Ihe 
meth^ IS to show up the faulty experiments and so indicate the 
need for improvement. Thus the increased error in the wheat and 
potato experiments at Rothamsted in 1928 as compared with 
1927, was traced to certain special circumstances 4ich were 
fully investigated and will be sedulously avoided in future The 
increased error for the Woburn barley in 1928 has not yet been 
explained. ^ 

The large number of plots treated alike in any one experiment 
enables the average yield for this treatment to be determined much 
more accurately than could be done with only one plot Conse 
quently, the “ Standard error of the mean,” the figure which is 
quoted in the summaries of results of experiments (pp 131-175‘i 
and which varies inversely with the square root of the number of 
plot yields averaged, is much lower than the standard error of a 
single plot, as is seen by comparing the two adjoining columns of 
the lable. It is, for many of the experiments, only to 3 ner 
cent., while for most it is less than 5 per cent. 

f improve the accuracy still 

further by eliminating the waste occurring at harvest and durini^ 
cartage and storing : a method has been worked out in the Plant 
Physiological and Statistical Departments which has the further 
advantage of reducing the labour of harvesting; it consists in 
taking, just before harvest, a large number of samples from 
measured lengths of the rows, chosen at random, weighing them 
and, for cereals, threshing in a miniature machine. The rest 
of the crop ,s then left to be harvested in the usual wav but no 
measurements need now be taken : the whole labour of separate 
harvesting, separate stacking, and separate threshing, with all 
e losses involved, is eliminated. A comparison of the new with 
the old method was made last year and will be carried out on 
a much larger scale this year; at present, the method seems 
distinctly promising in providing more accurate figures, better 

samples for analysis, and speedier results than could be obtained 
before. 


Ihe great advantage of knowing the standard error is that 
NIC figures for yield can be safely used for a wide range of 
purposes. ^ 

At present, they are being correlated with the meteorological 
a a, the methods of collection of which have been constantly 
improved. This enquiry has been extended beyond the scope of 
our own station. Dr. Fisher has developed appropriate statistical 
metnods for working up the masses of meteorological and crop 
a that have already accumulated in this country, aided by Dr. 

supplied tables for testing the significance of 
u s reached by means of these methods, while Mr. J. O. 
inp-^^’ Ministry of Agriculture Crop Record- 
^ Studying the problems connected with the tech- 

nique of observation. 
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PLANT GROWTH AND QUANTITY OF FERTILISERS. 

Of the many attempts to find the relationship between the 
amount of plant growth and the quantity of fertiliser applied^ 
the most widely discussed is the attractive one of E. A. Mitscher- 
lich, which, however, is open to some criticism. Professor BaU 
mukand, working in Dr. Fisher’s laboratory, has shown that the 
results may be expressed in terms of two constants, one repre- 
senting the importance of the nutrient to the crop, while the 
other represents the amount of nutrient the crop can extract from 
the unmanured soil. The first of these constants is presumably 
a crop and even a varietal factor, and the second is a soil factor : 
the constants promise to afford a means of estimating both, 
and so of expressing numerically both the crop need and the 
amount of available plant food in the soil. 

DETAILED LABORATORY AND POT CULTURE 
INVESTIGATIONS ON FERTILISERS. 

The laboratory work Is carried out in the Chemical Depart- 
ment by Mr. R. G. Warren and Dr. H. L. Richardson, under Dr, 
E. M. Crowther, and the pot culture work by Dr. W, E. 
Brenchley and Miss K. Warington. 

Cyanamide. No experiments had been made at Rothamsted 
with this substance since 1920 and, as the method of manufac- 
ture has considerably altered, an extended series of investiga- 
tions was begun in 1927 and is being continued. The modern 
material is practically free from the d icy a nodi amide which used 
to cause much trouble, and it is also easier to handle than the 
old samples : it still needs, however, to be applied a few days 
before sowing. In our experiments, it has been as effective as 
sulphate of ammonia on barley at Rothamsted, but less on 
potatoes at Woburn and sugar beet at Colchester. The incre- 
ments in crops for 1 and 2 doses of cyanamide and of sulphate 
of ammonia have been : — 




No 

Nitro- 

gen. 

bushels 

One dose. 


Two doses. 

Cyana- i Urea 
mide ! value 
value 1 when 
when ' Sul- 
Sul- i phate 
pbate ; of 
of i am- 
am- nionia 
monia — 100 
« 100 ; 



Sul- 

phate 

of 

am- 

monia 

Cyana- 

mide 

1; rra 

Sul- 

phate 

of 

am- 

monia 

Cyana- 

mide 

Urea 

Rothamsttd. 
Barley, bushels. 










1927 ... 


23.6 

10.4 

12.4 

9.2 

14,2 

12.3 

20.2 


1928 

Additional bushels 
per lb. nitrogen. 

28.6 

7.0 

4.8 

64 

6.0 

8.9 

7.2 

106 no 

1927 ... 


— 

0.45 

0.54 

0,40 

0.31 

0.27 

0.44 

1928 ... 


— 

0.31 

0.21 

0.28 

0.13 

0.19 

0.16 

94 IW 

Wobwn, 










Potatoes 


tons. 

cwt. 

cwt. 


cwt. 

rwt. 



1926 ... 


6.50 ! 

17.6 

15.2 i 

— - 

272 

25.0 

— 


1927 ... 


6.53 ; 

i 12.8 

7.2 

11,0 

1 -2.0 

4.0 

8.0 j 


1928 ... 

Additional cwts. 

per 

11.9 1 

44.4 

16.6 : 



; 



lb. nitrogen. 





0.59 : 

0.54 : 


! 89 

1926 ... 




0.76 

0.66 


! 

... 


— 

0.37 

0.21 

0,32 

-0.03 

0.06 : 

0.12 ; 

79* 1211 

1928 ... 


' 

1.29 

0.48 1 

— 

— i 


— 

37 : ~ 

CclckaUr. 










Sugar beet. 


tons. 1 




i tons. 1 

i Uma. 



1928 ... 

Additional cwti. 

per 

6.09 : 


”• ' 

— 

1-32 j 

1 0.70 

I 

1 52 — 

lb. nitrogen 


— 



1 0.44 1 

L.^ 

1 0.23 

1 


1 dnMinf. 
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The comparison is made on the basis of the increments 
and not of the yield figures : it therefore carries all the errors 
of the experiments and acquires validity only as data accumulate. 
The very low value at Woburn in 1928 is probably fictitious and 
arises from the circumstances that the increment for sulphate of 
ammonia was abnormally high, being indeed the highest we 
have ever obtained. 

Much work has been done in the Chemical Department by 
Dr. E. M. Crowther and Dr. H. L. Richardson on the decomposi- 
tion of cyanamide in soil. The first reaction giving urea is brought 
about by some chemical change not understood ; the urea then 
changes rapidly to ammonia and this, through the action of micro- 
organisms, is oxidised to nitrate. 

While the general course of the decomposition is probably 
the same in all soils, the rate at which it proceeds varies in 
different soils. The most striking result is the delay in the forma- 
tion of nitrate even after ail the cyanamide has decomposed : the 
ammonia remains unnitrified for some long time. In spite of 
this, however, plants make good growth, suggesting that they 
are using the ammonia. 

Ammonium Chloride. — The experiments described in the pre- 
ceding pages and the earlier reports, show that ammonium 
chloride is, in general, superior to ammonium sulphate in equiva- 
lent amounts for cereals and, so far as the experiments have gone, 
for sugar beet but not for potatoes. Further information is 
being accumulated. 

Urea. This substance compares very favourably with 
sulphate of ammonia in equivalent quantities; it has the advan- 
tage of high concentration, containing 46 per cent, of nitrogen 
against only 20.6 in sulphate of ammonia. Further, it has less 
tendency to make soil acid. 

Basic Slag. Mr. R. G. Warren has shown that a solution 
of sodium chloride affords a better means of assessing the agri- 
cultural value of basic slag than the official 2 per cent, citric acid. 
Basic slag increased the amount of manganese In the barley 
grown in pot experiments : if it did the same for oats it might be 
expected to cure the “ grey fleck ” disease, which Is attributed 
to deficiency of manganese. The manganese in the slag, how- 
ever, did not appear to increase the yield of barley. 

Superphosphate. In spite of much experimental work by the 
staff of the Chemical Department, no indication can be found 
that superphosphate ever makes a soil acid. Farmers in the 
west country and in the north maintain that it increases the 
liability to finger and toe in swedes : on this we have hitherto 
been unable to make experiments. 

Dr. Brenchley has shown (in confirmation of Gericke’s earlier 
work) that barley utilises phosphate for Increased growth only 
in its early stages of growth, although absorption of phosphate 
continues almost throughout the whole life of the plant. Early 
sown barley can utilise phosphate for at least 12 weeks (varying 
with different varieties) while later sown barley cannot, its period 
of utilisation being shorter. Further, the period during which 
phosphate can be withheld without injury is longer for early sown 
than for late sown barley. These advantages in favour of early 
sowing have not previou^y been recognised. 
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Sodium Silicate, Sodium silicate has long been shown to 
benefit the barley crop at Rothamsted ; evidence is now obtained 
that this is due to an action in the soil enabling the plant to 
take up more phosphate, rather than an action in the plant 
enabling it to use phosphate better, as was previously supposed. 

Elements needed only in small amounts. The necessity of 
boron and of manganese in small amounts has already been 
demonstrated in earlier reports. Recently, R. V. Allison, in 
Florida, obtained striking crop increases by the use of copper 
sulphate on certain Florida “ muck ” soils, which apparently 
resemble some of our fen and peat soils. Dr, Brenchley has made 
trials on a number of crops on these soils, but found no response 
to copper sulphate : there seems, therefore, no likelihood of it 
proving useful here. 


SOIL CULTIVATION. 

The experiments on soil cultivation follow three general 
lines. Measurements are taken in the field of the draught or 
drawbar pull of the implement and of the effect it has had on 
the soil. Laboratory experiments are made to study the physical 
properties of the soil, including stickiness, tilth, its relations to 
water, air and temperature, and so to explain the field observa- 
tions. Finally, field experiments are made to test other and simpler 
methods of achieving the same results as present-day cultivation 
methods. 

Earlier work had shown that heavy dressings of chalk, such 
as were formerly given in Hertfordshire, markedly reduced the 
drawbar pull necessary to get a plough through the soil. The 
smaller dressings now customary have been tried during the past 
three years : five tons per acre of finely divided chalk and 30 cwt. 
per acre burnt lime ; but at Rothamsted neither caused any appre- 
ciable reduction in drawbar pull, though another property was 
affected, as shown later. 

Among the attempts to simplify cultivation, the rotary culti- 
vator is one of the more promising : it achieves in one operation 
what the usual implements do in two or three, and thus offers 
the possibility of reduction in cost. It proved better in 1926 than 
either the ordinary ridge or flat cultivation for swedes during the 
first part of their growth, but not afterwards ; the rotary cultivated 
plots then “capped “ or hardened considerably; ordinary cultiva- 
tion methods were used for the succeeding barley in 1927, but 
the effect of the 1926 rotary cultivation was still visible and was 
entirely beneficial — a residual effect that was not expected and 
cannot yet be explained. The values for yields were : — 


Earle;, 1027. 

Former 

rotary- 

Cultivatioa. 

Horse 

Cultivated. 

Horst 

Ploughed. 

General 

Mean. 

Standarrl 

Error, 

Grain. 





4.89 

Per cent. 

117.0 

91.0 

92.0 

lOO.O 

Bushels 

27.8 

21.6 

21.9 

23.8 

1.16 

Straw. 

1 




2.35 

1 0.46 

Per cent. 

lll.l 

95.3 

1 93.6 

100.0 

BnsbeU 

1 

21.7 

18.6 

1 18.3 

1 

19.6 
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In 1928, swedes were again grown, but on different land : 
this time, however, rotary cultivation caused no “ capping ” and 
no difference in growth, as compared with ordinary cultivation. 
This variation of result with season was expected, and is being 
studied: the bad effect in the summer and autumn of 1026 is 
not easily understood. The rotary cultivator produced in each 
year as nearly as can be measured the same degree of disintegra- 
tion of the soil as ordinary cultivation, except when the soil was 
in an unkind or difficult condition for cultivation ; in this case 
rotary cultivation was less effective than the ridging plough. 
The experiments further showed the value of the ridging plough 
in breaking up an unkindly soil. 

The purposes of cultivation are threefold : (1) the formation 
of tilth, (2) the conservation of moisture, (3) the suppression of 
weeds. It is not agreed how closely (2) and (3) are linked, but 
it is certain that weed suppression is an important function, and 
this has been studied by Dr. Brenchiey and Miss Warington 
on the permanent plots of both Woburn and Rothamsted. One 
of the chief factors is the time the weed seeds can live in the 
ground. Cultivation encourages the germination of Black bent 
(Alopecurus agrestis). Poppy (chiefly Papaver r}ioeas), however, 
survives much longer in the soil : its seeds are still germinating 
in a sample of Broadbalk soil taken in 192o and continuously 
cultivated ever since in a glasshouse, where contamination is 
reduced to a minimum. The seedlings are removed as they appear, 
so that no fresh seeds reach the soil, yet already the number of 
plants appearing has been at the rate of 33 millions per acre on 
the plot receiving no nitrogen and up to 205 millions per acre 
on one of the completely manured plots. 

Tke principles oj cultivation : the meaning of tilth. 

A great deal about cultivation must remain obscure until we 
know what it does to the soil and how it does it. The science of 
cultivation is only in its infancy, and is far behind the science 
of manuring; advice can be given only empirically and tenta- 
tively. The subject is, however, steadily being developed by 
Dr. Keen and his staff, Dr, Schofield, Mr. Scott-BIair and Mr. 
Cashen. The mechanical principles involve the movements of 
layers of soil against and over each other and against the metal 
surface of the implement. Special methods have been designed 
for working these out : measurements are made of the Static 
Rigidity, i.e., the energy required to cause a soil paste just to 
flow; and of the viscosity {more strictly pseudo-viscosity) of the 
paste once it has begun to flow. The measurements of static 
rigidity are closely related to the observed Draw Bar Pull, but 
represent only one group of the factors involved, e.g,, a dressing 
of one ton per acre of slaked lime reduces the static rigidity, 
but not the dynamometer values. 

Single value soil constants. The only method at present 
available for the physical specification of a soil is mechanical 
analysis, but this is tedious, and the results have only a qualita- 
tive value. Attempts have been made from time to time to 
develop other simple measurements of some single property (or 
group properties) easily expressed by a figure, and thus serving 
as single-value ” soil constants. The subject has now been 
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re-opened at Rothamsted. The “ sticky point ” (t.e., the mois- 
ture content at which a plastic mass of soil and water is just 
about to become sticky) is promising. It is closely correlated 
with the loss on ignition which may be taken as an approximate 
measure of the amount of the organic and the inorganic colloids : 
it is not, however, correlated with the percentage of clay. The 
amount of moisture in air dry soil is correlated with the percentage 
of clay, but not with the loss on ignition, i.e,, not with the total 
colloids : this moisture is therefore presumably held in the minute 
interstices between the small particles. On the other hand, the 
clay and the sticky point, and the ignition loss and the air dry 
moisture content, are significantly correlated. These results indi- 
cate two ways in which the water is held in the soil. The organic 
and the inorganic colloids control the sticky point, while the 
minute interstices between the small particles control the air dry 
moisture content. Confirmation has been obtained by repeating 
the measurements after treating the soil with hydrogen peroxide 
to remove the non-structural organic matter. The two values are 
therefore of help as a means of soil specification, and an extended 
co-operative comparison of them for many different soil types 
has been agreed to by the International Society of Soil Science. 
This work will be controlled from Rothamsted, 

THE CONSTITUENTS OF THE SOIL. 

The Organic Matter. 

For some years past the chemical changes occurring during 
the decomposition of plant residues in the soil, and especially 
those concerned in the formation of humus, have been studied by 
Mr, H. J. Page and his staff, G. V. Jacks, C. E. Marshall, 
C. W. B. Arnold and others. 

Lignin is the main, though not the only source of humus, but 
the plant residues apparently humify as a whole. 

Humus is very complex in composition, and its effects in the 
soil are not yet fully known. There is an important difference 
between the humus of the soil and that of leaf mould and peat : 
while all three kinds of humus yield up ferric iron after hydrolysis 
with acid in boiling solution, soil humus gives ferrous iron also. 

Now iron may play an important part in the oxidation pro- 
cesses in the soil : for example, the artificial production of humic 
acid from lignin by atmospheric oxidation in strongly alkaline 
solution takes place only in the presence of organically combined 
iron. 

The clay and the reaction of the soil. 

The reaction of the soil is closely associated with the amount 
of the bases, particularly calcium, that can be replaced by other 
bases when the soil is mixed with a salt solution. Much work 
is being done on the amounts of these replaceable bases in the 
Woburn soils. 

The exchangeable calcium is greatly reduced by sulphate of 
ammonia, and slightly increased by nitrate of soda, superphos- 
phate and farmyard manure. The exchangeable potassium is very 
low ; it is hardly affected by nitrate of soda or sulphate of 
ammonia in spite of the fact that this reduces the calcium, but 
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it is much increased by farmyard manure. A method is badly 
needed for estimating the extent to which the soil is saturated 
with bases, or, alternatively, the extent to which the bases have 
been replaced by acid hydrogen : attempts are being made to 
solve this problem by mixing the soil with excess of calcium car- 
bonate and extracting with sodium chloride. 

The most widely used and most convenient way of measur- 
ing the reaction of the soil is the quinhydrone electrometric 
method. Miss Heintze and Dr. Crowther used it for a series of 
Gold Coast soils and obtained clear and definite results at least 
one-third of which subsequently proved to be quite erroneous. 

The trouble was traced to the manganese dioxide present in 
certain soils in a form which reacts with the quinhydrone pro- 
ducing a base and a corresponding reduction in acidity. Similar 
errors have been found in English soils and methods of detecting 
and avoiding them are being worked out. 

SOIL MICROBrOLOGV. 

The investigations in soil microbiology fall into two main 
divisions; (1) the study of the micro-organisms living in the soil, 
their kinds, numbers, mode of life, their various activities and 
their relation to one another. 

(2) A detailed study of soil micro-organisms directly affecting 
plants : the nodule organisms of the leguminosae, organisms 
parasitic on plants and producing diseases. 

The chief groups of soil micro-organisms are ; bacteria, 
fungi, including actinomycetes, algae, protozoa and nematodes ; 
all are studied at Rothamsted except the nematodes, which are 
left to the Institute of Helminthology, St. .Albans, though it is 
hoped to effect some co-operation with this body as the work 
is now beginning to suffer through so artificial a restriction. 

All the organisms, except some of the protozoa, feed on the 
organic matter in the soil, some of them also ferment part of it : 
in either case, they decompose it, producing humus, nitrates, 
phosphates and compounds of calcium, potassium and other 
elements of great importance in soil fertility. Soil micro-organisms 
are, to a large extent, the producers of soil fertility, though they 
also reduce it by assimilating to themselves nitrates and phos- 
phates that would otherwise serve for plants. It is this close 
connection with soil fertility that justifies the extended study 
made of them at Rothamsted. 

Broadly speaking, fungi predominate in acid soils and 
bacteria m neutral soils, and of the substances they decompose 
fungi assimilate more, build up more protoplasm and retain more 
nitrogen than do bacteria : they arc less economical as plant food 
producers because bacteria convert more of the organic matter 
into carbon dioxide, water and ammonia. For this reason less 
of the nitrogen can be nitrified in an acid than in a neutral soil. 

There is considerable difficulty about estimating the numbers 
of fungi and studying their activity ; Dr. Brierley has shown how 
to obtain comparable data under strictly controlled conditions, 
but the results have no absolute value and the higher figures are 
not intrinsically more probable than the lower ones. More 
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can be done with the bacteria. Their numbers can now be 
estimated by Messrs. Thornton and Gray’s direct method much 
more rapidly and completely than before ; when the counts were 
first made at Rothamsted by the old platings method, a usual 
estimate (known, however, to be very incomplete) was 10-30 
millions per gram, and the experiment took ten days to complete : 
now the estimate (which, however, includes dead organisms) is 
1,000-5,000 million per gram, and the experiment takes only two 
hours. The numbers are related to those of the protozoa; they 
are high when the protozoan numbers are low, and low when the 
protozoan numbers are high ; this is because the protozoa feed on 
the bacteria. The “ nutritive values ” of the various bacteria 
differ; for one of the most “ nutritious ” an increase of 3,400 
amoebae {Hartmanella hyalind] per gram involved the disappear- 
ance of 1,444,000 bacteria, i.e., something over 400 bacteria were 
consumed to produce one amoeba. The effect of the protozoa on 
the decomposition of plant residues by bacteria and fungi is being 
studied : it apparently differs according as the action is a fermen- 
tation or a consumption for food. 

One of the most far-reaching factors in the situation is that 
micro-organisms need adequate supplies of nitrogen and of phos- 
phate and can decompose carbohydrate only in proportion to the 
amounts of these substances present. This is the fundamental 
principle underlying the making of farmyard manure. Straw 
is put under the animals as litter and, being mingled with their 
excretions, is decomposed by micro-organisms to form the familiar 
black, sticky substance known as humus. In doing so, however, 
the organisms assimilate some of the ammonia of the excretions, 
converting it into their body tissue, in which form it is insoluble 
and some of it is not easily nitrifiable. Thus the nitrogen in farm- 
yard manure is of three kinds : the original complex nitrogen 
compounds of the straw and solid excreta; simple and easily nitri- 
fiable compounds (urea and ammonia) of the liquid excreta; an<l 
complex nitrogen compounds of the bodies of the micro-organisms 
derived from these simple compounds. Not all of this nitrogen 
is readily nitrified ; Dr. Jensen, in tlic Bacteriological Depart- 
ment, shows that only the excess of nitrogen over a certain 
amount is quickly nitrifiable, the proportion of non-nitrifiable .Tml 
therefore less useful nitrogen depending on the amount of carbon 
present and also on the reaction of the soil. In a neutral or 
alkaline soil, for every 20-25 parts of carbon, one part of nitrogen 
nitrifies only slowly ; for an acid soil the figures are one part 
nitrogen for every 13-18 parts of carbon. This accords with lite 
observation that farmyard manure is much more effective in a 
neutral than in an acid soil, and it explains why farmyard manure 
and other plant residues containing less than about 1.5 p*'"' 
cent, nitrogen in the dry matter supply very little nitrate and are 
therefore of little help in soil fertility, thus emphasising the very 
serious nature of the losses when the soluble nitrogen compounds 
in farmyard manure are leached out by rain. 

Artificial farmyard manure. This fuller knowledge of the 
mechanism of the decomposition of celluiosic materials is not only 
useful in the management of farmyard manure : it forms the 
basis of a method of producing an artificial farmyard manure, 
closely resembling the ordinary material. Straw need not be 
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nut under the animals for the purpose of effecting its decomposi- 
tion ' the organisms work equally well if it is wetted with a solu- 
tion of a nitrogen compound such as an ammonium salt or 
cyanamide containing sufficient phosphate. The important factors 
are the presence of sufficient nitrogen (0.75 parts to each 100 parts 
of ripe cellulosic material) and of pentosans at least equal in 
amount to the lignin; when these are correctly adjusted, the 
organisms rot down the material and give a black humus manure- 
The method has proved of value where insufficient live stock is 
kept to make enough manure, as in market gardens, plantations, 
and some special types of arable farming : it is now used exten- 
sively in many countries, and new waste materials are continu- 
ously being tested. Cocoanut husk has this year been success- 
fully converted into a manure containing 0.4 per cent, nitrogen, 
and little if at all, inferior to farmyard manure. Rye straw 
presents special difficulties, because it cannot readily be wetted : 
means arc being tested to overcome this. 

Another practical application is, perhaps, somewhat un- 
expected. The chain of processes beginning with plant residues 
and ending up with carbon dioxide and ammonia is the basis of 
the purification of sewage and other effluents. Sewage has on 
several occasions been the subject of investigation at Rothamsted, 
the purpose being to obtain from it, if possible, a useful manure. 
For the moment this investigation is suspended pending the suc- 
cessful drying of the very promising sludge finally obtained. 
During the past two years, the same problem has appeared under 
another form. The effluents from sugar factories have usually- 
been run direct into rivers where they have caused considerable 
nuisance and damage to fish. At the request of the Department 
of Scientific and Industrial Research, an investigation was begun 
to discover some suitable and effective methods of treatment. 
The work Is being done partly at Rothamsted and partly at the 
sugar factory at Colwick, Nottingham ; the problem is to remove 
the waste roots and tails of the beets and to convert the plant 
juices contained in the effluent into carbon dioxide, water and 
ammonia as rapidly and economically as possible. The experience 
gained at Rothamsted with this particular decomposition enabled 
Messrs. Cutler and Richards to start several lines of experiment 
as a result of which a microbiological process was devised that 
gives almost complete purification. The effluent is run through 
a clinker filter on which a film of organisms develops, including 
bacteria, protozoa, yeast-like bodies and, probably, other fungi : 
some of the bacteria decompose the sugar rapidly to produce 
acids and gas ; others do not decompose sugar, but presumably 
attack the products formed by the first. Nearly 750 different 
strains of bacteria have been isolated and studied, and the remain- 
ing population of the film is also being investigated. The film 
is well suited for the development of protozoa — better, indeed, 
than the ordinary nutrient agar of the laboratory— but it can also 
be attacked by the larvae of the “ sewage fiy (rollcmbola 
Ackeureutes). 

The problem now is to cheapen the process and to discover 
'vhat degree of purification is in fact necessary, for every per 
cent, of purification beyond a certain point adds to the expense. 
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Organisms directly affecting plants : Lucerne and its nodule 
organism. 

In the Bacteriological Department, Mr. Thornton has con- 
tinued his studies of the relations of the nodule organism to the 
lucerne plant. The organisms enter the root hairs, they travel 
along into the root, then multiply and cause the cells to multiply 
and form a nodule. Very few nodules are formed so long as the 
seedling leaves alone are present : they suddenly appear when 
the true leaves emerge. Apparently the opening of the leaf is 
accompanied by the extrusion from the root of some substance 
which stimulates the bacteria and enables them to infect the root 
hairs. This substance can be found in the medium surrounding 
the root : a water extract of sand in which lucerne seedlings have 
just formed their true leaves, stimulates the growth of the 
organism in artificial cultures more than a water extract made 
just before the leaves open. Attempts are now being made to 
discover the nature of this substance. 

Earlier experiments of Mr. Thornton and Miss Brenchley 
showed that the co-operation between plant and organism re- 
mained effective only so long as connecting channels were made 
between the nodule and the circulating system of the plant ; these 
are needed to convey carbohydrate from the plant to feed the 
organisms and to remove the nitrogen compounds made by the 
organisms. It is still a mystery how the plant comes to make the 
connection as soon as the nodule is ready, and the mystery is 
deepened by the discovery that a minute trace of boron is essen- 
tial : unless this is present, no connection is made, and the nodule 
bacteria can neither pass on to the plant the nitrogen compounds 
they have prepared, nor draw their necessary carbohydrates from 
the plant ; they therefore decompose the cells of the plant root, 
thus becoming harmful. Mr. Thornton now shows that the same 
result is obtained it the carbohydrate supply t(j the nodule is 
cut off by keeping the plants in the dark. 

Soil algce. Dr. Bristol Roach has collected and summarised 
her work on the soil algje. The mode of life of these organisms 
differs according as they arc on the surface exposed to light or 
below the surface in darkness. When they occur on 'the surface 
they function like other green plants, assimilating nitrate, phos- 
phate and other plant foods from the soil and carbon dioxide 
from the air, which by [)hotosynthesis they transform intt) organic 
matter rich in potential energy. .Ml this is added to the soil when 
they die. When they are carried down below the surface they 
do not necessarily die : they can change their mode of life* 
become saprophytic and feed on some of the organic matter 
already existing in the soil, apparently the soluble or easily decom- 
posable organic cr)mpounds : they can, for example, secrete an 
enzyme that liquifies gelatine. There is no evidence of an) 
excess of decomposition products that could contribute to plaM 
nutrition, and the general functions of the alg® in relation o 
soil fertility seem to be : — 

(1) they assimilate nitrate and phosphate from 

verting them into insoluble nitrogen and phosp o 
compounds ; 
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(2) when living at the surface of the soil they increase the 
supply of easily decomposable organic matter rich in 
energy ; 

(3) when living below the surface, they assimilate soluble 
or easily decomposable organic matter in addition to 
the nitrate and other nutrients referred to above; 

(4) they can thus be regarded as agents for increasing the 
stock of energy material in the soil and for immobilising 
soluble nutrients and organic compounds, converting 
them into an insoluble but readily decomposable form. 

DISEASE ORGANISMS AM) PKSTS. 

Disease in plants may result from several causes ; from in- 
sulliciency or excess of some essential requirement, from the 
attack of a parasite, either fungus, bacterium or insect, or from a 
virus, a name given to some obscure agent, the nature of which 
is not understood. For the present, the first group, the so-called 
physiological diseases, are not studied although numerous in- 
stances occur on our plots where deficiencies or excess of the 
various nutrients have become intensified by long continuance on 
the same land of an unaltered scheme of cropping or manuring. 

One of the dilficulties of the work is that some of the organ- 
isms, especially, perhaps among the fungi and bacteria, may not 
be fixed in their relationship to the plant or, indeed, in their 
own characters. Under constant or clianged conditions a species 
may assume a different form, sometimes with difierent properties 
and, indeed, may be mistaken for a new or another species; 
further, while harmful in some conditions, it may be relatively 
harmless in others. 

Dr. Krleriey is studying the nature and the extent of the 
changes that can be induced in the common parasitic fungus 
bofrylii c/nercu, bv alteration in its food and other environmental 
factors. lie finds that some of these changes are purely tem- 
porary, disappearing at once when the old conditions are restored; 
some are more permanent, lasting for a number ot generations 
and showing gradual reversion whilst still others are apparently 
quite permanent. Further work is necessary to ascertain the 
consequence of these important results and iheir relation to the 
incidence of disease in crop plants. Furliier changes in conditions 
may influence greatly the effectiveness of a fungus in attacking 
plants. 

Dr. and Mrs. Rrierley find that certain species of Fusarlum 
which cause root disease in wheat behave differently in pure 
culture and in soil : in pure culture the development of the fungi 
shows a marked relation witii temperature, being slow at UP C., 
more rapid at higher temperatures, but ceasing above .flOO C. In 
soil, however, no difference could be observed, the amount of 
disease produced at 3(P C, being apparently just as much as at 
lower temperatures. . 

These and other observations show the necessity for close 
study of the conditions in which a disease organism is acting, 
and they have led some to adopt the view that studies of crop 
diseases can be made only in the actual district where the disease 
occurs. 


u 
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With improvements in electrical equipment it has become 
possible to maintain experimental conditions constant for long 
periods and, in consequence, to reproduce in the laboratory speci- 
lied conditions, especially those of temperature and moisture. 

In order to see how far the studying of a tropical disease is 
useful in an English laboratory, an investigation is being made 
by Mr. Stoughton of the “ angular leaf spot type of the 
“Black arm” disease of cotton caused by Bacterium malvacearum. 

Cotton is grown in glasshouses and develops ripe bolls with 
good lint and healthy seed. Infection experiments under con- 
trolled atmospheric conditions are carried out on these plants. 
Cotton is also grown from seed in a series of special "chambers 
in which light, air and soil conditions are controlled, and the 
natural and artificial infection of young plants is examined in 
relation particularly to air and soil temperature, and air moisture. 
The results are compared with those obtained by Major Archi- 
bald and Mr. Massey in the Sudan, Already it appears that 
this co-operation of tropical and British workers is advantageous : 
it is certainly economical to do as much as possible of the pure 
investigation work at home, reducing labour for the tropical 
worker and allowing him to devote himself wholly to those 
problems which can be solved only on the. spot. The funds for 
this investigation have been provided by the Empire Marketing 
Board. 

Wart disease oj Potatoes. 

In spite of much investigation, no field method has yei 
been discovered for treating the soil so as to kill all sporangia 
of the organism (5yrjc/iyf Mum cudobioficum) causing this disease. 
Treatment with sulphur has been effective on occasion, hut not 
always : apparently, therefore, the active agent is not the suiphui 
itself, but some substance formed from it. d'he acidity produced 
by the sulphur accounts for part tif the effect : the disease is 
almost com pie l el) suppressed when the sod acidity is raised lo 
pF! ‘1.4. Rut this is not the whole explanation : ;aippression 
sometimes ociurs at lower acidity. Experiments hy A. 
Roach and Miss tilynne suggest that thiosulphurii' acid (a possible 
product of oxidation of sulphur in the soil) has a special toxic 
effect over and above tliat due to the hydrogen ion concentration. 
This investigation will l)e followed up when suitable inelliods 
can be found. 

Miss Martin has confirmed the fact tlial the fungus is nut con* 
fined lo potatoes, but can attack various other solanaccous plants, 
and has discovered a number of additional hosts. 

Virus diseases of plants. 

These diseases are spreading am! they have caused so inndi 
loss at home and in the Empire that the Empire Marketing Board 
has made a special grant for five years lo allow of the appoint- 
ment of an cntomologihl, a cytologist and a plant physiologist 
to work in i ollahoration with [)r. Henderson Smith, and to 
provide special e<|uipmenl and the necessary, hut costly, in.sect- 
proof glasshouses in which the investigations may be carried out* 
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Nothing is known of the nature of virus except that it is not 
a recognisable organism ; the name is entirely non-committal and 
is used to denote the agent causing these particular diseases. 
Virus is often contained in extracted plant juice, and certain of its 
properties have been studied, e.g., its reaction towards alcohol, 
temperature and ageing, but the problem is rendered difficult by 
the circumstance that a virus disease apparently may not in all 
cases be a single disease, but a complex caused by two or more 
viruses closely related, but differing in stability or other property. 

A virus may not be specific to one plant : the foliage of potatoes 
suffering from mosaic will infect tomato plants, though that of 
healthy pdtato plants will not. Other solanaceous hosts may also 
be infected with the virus of potato mosaic, but not the non- 
solanaceous hosts tested. Two viruses mixed may give a disease 
different from that caused by either : the auciiba mosaic of tomato 
plus potato mosaic causes a Tomato Streak Disease; Miss Jarrett 
has shown that the mottled type of Streak Disease plus potato 
mosaic also gives a Streak Disease. 

These investigations are further complicated by the great 
difficulty of getting healthy plants for experiments : plants may 
have a virus disease, but sliow no symptoms. With certain 
viruses, intracellular bodies have been found in the cells of dis- 
eased plants, but their nature and significance are still uncertain. 

ENTOMOLOGY. 

In the Entomology Department the main work has been the 
study of certain insect pests and possible methods for their control. 
In nature, control is largely effected by parasites, and this fact 
has led to the investigation of the extent to which some of our 
insect pests arc parasitised in the field. Special attention has been 
devoted to the parasites of Frit tly and of certain injurious Gall 
Midges with reference to ihe species involved and their economic 
status. 

Preliminary trials by Dr. Davidson on the effects of certain 
substances, absorbed by the roots of plants, on sap-sucking 
insects have led to further exploration of its possibilities. In 
conjunction with Mr. Henson. Dr. Davidson has shown lliat broad 
beans watered with suitable concentrations of pyridene could be 
rapidly treed from aphis attack. Aphides infesting such plants 
failed to multiply to any appreciable extent and rapidly died. 
On control plants without pyridene, infestation was constant and 
multiplication rapid, The eft'ecls of pyridene on the plants, in 
the lowest effective concentrations, was noticeable in a reduction 
in the dry weights of those plants, but the subject is one requir- 
ing much fuller investigation. Dr. Barnes has studied tlie life- 
histories and parasites of injurious gall-midges affecting osier 
willows, meadow foxtail and wheal, with a view to discovering 
possible means of their control. In the case of species infesting 
osier willow's, evidence of significant varietal differences in 
•‘Susceptibility to attack is receiving attention, both under experi- 
■nental and field conditions. 

Grants from the Empire Marketing Board for the purpose 
of controlling noxious weeds by insects, have led to work being 
u^Mertaken on this subject in conjunction with the New Zealand 
Government and the Cawthron Institute at Nelson, The bramble 
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is a serious menace in New Zealand, and the possibility of con- 
trolling^ it has been attempted by the shipment of consignments 
of the beetle {Corcebus rubi) from the South of France to that 
country. Gorse is another pest plant, and very large numbers of 
the weevil Apion iilicis, have been sent to control it. Ragwort 
is a third pest, and man)' thousand pupa* and eggs of the moth 
Tyria jacobcB have been shipped to New Zealand. Before being 
sent out, the insects are tested at Rothamsted on all like!) 
plants growing under British conditions; in New Zealand they 
are further tested before liberation, so that the possibility of 
danger is reduced to a minimum. 

This work has now been carried beyond the research stage, 
and methods have been evolved for the regular transmission lo 
New Zealand of the insects concerned. The scheme in future is 
to be centralised and further developed under the special facilities 
available at the laboratory of the Imperial Bureau of Entomology 
at Farnham Royal, and the co-operation of Rothamsted will con- 
sequently terminate. 

Dr, Handschin has devised apparatus for studying the move- 
ments of insects in the soil in response to changes of temperature 
and humidity, vvitli greater refinement than was hitherto possible. 
His work on the subject is being continued on hi? return to 
Basle, and will l)e further elaborated beh^re anv publication of 
the results is made. 


INSKCTiaDKS. 

I'hc investigations carried out under the direction of Dr. I-. 
I'aitcrsfield in collaboration first with Mr. C. ’1\ Giniinglun;] 
and now with Dr. Hcibson, have, for their general purpose, the 
discovery of new and improved substances for killing the insect 
pests of fruit and other trees Much of the work is done in the 
laboratory and inseclary, hut as soon as a promising suhslamr 
is found it is tested in the oper* on growing trees, so as to find 
out how far it would be etfective in practice. 

Insecticides fall into two great groups : those used in winter 
against the eggs, which are generally laid by the parent on the 
tree to be attacked, and those used in summer against the young 
animal as soon as possible after it hatches out. 'I'he eggs, being 
more resistant than the young animal, need a stronger poison : 
fortunately, the tree is then resting and is devoid of leaves so 
that it can tolerate substances that would injure it later on : 
hence winter washes must and can, without harm, he fairly 
potent. 

The older winter washes were made up of caustic soda. oi 
lime and sulphur ; more recently tar distillates have come into 
use and these are now standardised sufficiently well for practical 
purposes. Being’’ by-products they arc likely to change’ if tin* 
method of treating coal should alter. Ollier winter 
are sought at Kothainsled, the work being done tin sysutnatu 
and fundamental lines, finding out wliat chemical groups are 



53 


toxic to insect eggs and then combining these so as to build up 
a suitable insecticide. Of the substances tested, a dinitrocresol 
has proved highly effective, and is easy to make on a large 
scale : it is so potent that J to 1 ounce makes sufficient wash for 
a large standard tree, and few, if any, of the eggs, escape. This 
high effectiveness is a great advantage where transport is a 
consideration. The only complaint made by the practical men 
who tested it is, that when it gets on the hands and clothing, it 
Stains them yellow. 

The summer washes, being used against young living insects, 
need not be so penetrating in action, but they must be harmless 
to the young leaves. Two kinds are in use; stomach poisons 
and contact insecticides. The stomach poisons are used against 
insects or caterpillars that eat the leaves : lead arsenate is popular 
anitmg growers, but is open to various objections ; attempts are 
therefore being made at Rothamsted to find something different 
but equally good. Some of the silico-fluorides are proving valu- 
able; they also are easily made on the large scale, and are free 
from the stigma attaching to arsenic. The contact insecticides 
kill by touching; how, exactly, is not known ; they are used against 
sucking insects such as green flies and capsid bugs. Nicotine is 
most commonly used : it is made only by few firms, and always 
from one substance, tobacco; alternative substances are, there- 
fore, highly desirable. The necessity for high toxicity to the 
insect and harmlessness to the leaf rules out many possibilities, 
the desirability for harmicssness to liuman beings further narrows 
down the choice, and has restricted it up to the present to certain 
paraffins and to vegetable poisons, the latter being the more 
convenient. Much work has been done on these at Rothamsted. 
'I'he method is to try the parts of the poisonous plant on the 
insect to find where the poison is, then to isolate it and study 
it in detail, finding its ehcmical nature, methods of detection and 
estiniatirjn. Four plants are especially promising : Derris from 
Malay, which contains its poison in its roots; Tephrosia from 
tropical Africa; a climber, Haiaii (both white and black varieties), 
from the forests of British (liiiana; and Pyrethrum, the only one 
which grows in temperate regions. All these could be cultivated 
in their respective climates, and the chemical work is so far 
advanced that the chemist can advise the grower and breeder 
whether he is maintaining, increasing, or lowering the toxic 
properties of the plant by his treatment. Remembering the 
remarkable improvement following the chemical control of the 
sugar beet crop, there seems great scope for improving these 
insecticidal plants. The most poisonous of the principles when 
extracted from the plant prove to be extraordinarily deadly to 
certain insects : a spray containing only about one ounce of the 
pure poison from pyrethrum flowers dissolved in a ton of water 
IS fatal. Fortunately, it is not harmful to human beings. The 
Derris compound called Tuba toxin is only slightly less potent, 
’■^nd it is also highly effective against many parasites. 
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At present, the poisonous substances are most easily obtain- 
able by growing the plant, and they need not even be extracted 
except where transport is important. The cultivation of these 
plants bids fair to become a useful industry, pyrethrum at home, 
and the others in the tropics; this part of the problem is being 
studied in close co-operation with the Ministry of Agriculture 
Plant Pathology laboratory at Harpenden. 

BEK RESEARCH. 

The prevalence of acarine disease has hitherto considerably 
hampered work, but the Ministry of Agriculture has now agreed 
to remove the restriction on the programme of work which had 
previously cut out the study of bee diseases. Cane sugar ha> 
been compared with beet sugar as winter food, but no difference 
could be detected. Further tests were made of the respective 
merits of the “warm” and “cold” way of arranging the frames 
In the hives, and the data are now being examined in the Statisti- 
cal Department. The programme of bee research is drawn up 
by a Committee of Bee Experts who, from time to time, meet 
to discuss problems of importance to bee keepers. 
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SCIENTIFIC PAPERS 

Published 1927 and 1928 and in the Press. 

I. -CROPS, PLANT GROWTH AND FERTILISER 

INVESTIGATION, 

(Botanical, Chemical and Statistical Departments.) 

L E. J. Russell. “ The Insiitute of Brewing Research 
Scheme : Fourth Report on the Experiments on the 
Influence of Soil, Season and Manuring on the Quality 
and Growth of Barley, 1925.” Journal of the Institute 
of Brewing", 1927. Vol. XXXIil. (Vol. XXI\'., New 
Series), pp. 104-110. 

II. E. J. Russell. ” The Institute of Brewing Research 

Scheme : Fifth Report on the Experiment^ on the Influ- 
ence of Soil, Season and Manuring on the Quahty and 
Growth of Barley, 1926.” Journal of the Institute 
of Brewing", 1928. Vol. XXXIV. (Vol. XXV., New 
Series), pp. 307-320. 

III. E. J. Russell. ” The Barley Experiments of the Insti- 
tute's Research Scheme," Journal of the Institute 
of Brewing, 1928. Vol. XXXIV. (Vol. XXV., New 
Series), pp, 436-446. 

See also pp. 26-30 of this Report. 

IW L. R. Bishop. ” Composition and Quantitative Esti- 
mation of Barley Proteins ” Journal of the Institute 
of Brewing, 1928. Vol. XXXIV., pp. 101-118. 

Methods have been deviled and tested for the quantitative 
estimation of the amounts of the separate proteins in barley 
grain. .Albumin, globulin and protein breakdown products are 
extracted by 5 per cent, potassium sulphate solution, 70 per cent, 
alcohol at 61° C, is used to extract hordcin from the residue; the 
remaining nitrogen probablv represents glutelin nitrogen. 

These methods iiave been applied to samples of Plumage- 
Archer barley grown under varied conditions of season, soil and 
manuring. These differing conditions influenced the total nitrogen 
of the grain but not the regular relation shown between the 
amounts of the separate constituents and the total nitrogen. In 
the samples the total nitrogen varied from 1.2 per cent, to 2,3 per 
cent, and (a) the percentage of glutelin nitrogen remained consUnt 
at 36 per cent, of the total nitrogen, (h) the percentage of hordein 
nitrogen increased regularly with increasing total nitrogen from 
28 per cent, with 1.2 per cent, total nitrogen to 40 per cent, with 
2.3 per cent, total nitrogen, (c) the percentage of salt-soluble 
nitrogen fell correspondingly from 36 per cent, to 24 per cent, as 
tile total nitrogen increased from 1.2 per cent, to 2.3 per cent. 
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There appears to be a balance between the amounts of the 
various proteins, which adjusts itself according to the amount 
of total nitrogen present. For these samples therefore the total 
nitrogen is a good measure of the amounts of the individual 
proteins and varying “ quality ” of dilTcrent samples of the same 
total nitrogen content is not due to differences in the amounts of 
the individual proteins. 

V. L. R. Bishop. Cotnposiiion and Quantitative Estima- 

tion of Batley Proteins II," Journal of the Institute 
of Brewing, 1020. \’ol. XX\V., pp. Ill 6-322. 

The methods for the quantitative estimation of the proteins 
of barley grain arc extended. ;\ detailed fractionation of the 
salt-soluble substances is worked out. In this extract albumin 
globulin, proteose, and peptone nitrogen are estimated as well as 
nitrogen in the form of simple compounds such as amino-acids 
(“ non-protein ” nitrogen). It is concluded that hordein persists 
from the barley to malt and that the methods found suitable 
for barley can be applied also to malt. 

The importance of fineness and evenness of grinding is shown. 

VI. L. R. Bishop. '' The Changes, undergone hy the Ai/ro- 

genous Constituents of Barley during 

Journal of the Inslilule of Brewing, 11I21K \’ol. 

XXXV., pp. 

As srion as active breakdown commences after steeping, tin- 
two insoluble proteins of the endospcTin, hordein and ghiteliii, 
are broken down at about tlu* same rate to give sait-soliiide pro- 
ducts chiefly non-protein nitrogen. Then the rale <jf disappear 
ance of glutelin falls off. Later, the rate* of disappearance <>1 
hordein become-s very small and the amount of gluti‘!iu mav 
increase slightly. At this stage it is kihu'rl 

The falling off in rate of dlsappcarane'e of glutelin and the 
suggestion of a subs(*(juenl increase point to a resynthesis of ihis 
protein in the embryo. 1!i(’ falling ofl' in rale of disappearance 
of hordein may similarly be ai:eounted for l>v resynthesis in enii)rvo. 

The changes in the nitrogen compounds on tlie kiln when 
making pale malts are very slight. 

Changes w’lthin limits of the amount of water supplied nr tin- 
length of time on the malting IFmit produced but little effei t nn 
the amounts of different nitrogen compounds in the final mall, 
owing to the establishment of a halanc'e between breakdown in tin- 
endosperm and resynthesis in the embryo. 

VTI. F. IL [).\Y. Suhdl Scalp Brewing in Ihe i.iibnrahay.” 
Journal of the Instiluti of Brewing, 1112H. \ 

XXXIV., pp. 570-573. 

A technique has been dt-viset! for obtaining a reasonable top 
yeast crop and beer of normal flavour in the small scale brewing'’ 
in the Laboratory. Filtration is avoided and brewery conditions 
are imitated as closely as possible by conducting the ferment alien 
in Thermos flasks. The method can be applied to the cnmpaii^nn 
of small samples of malts and the examination of h<ips. 
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VI n* W. E. Brknchlky. " 'I'he PJiosphule Requirement of 
Parley at Dijlcrent Penods of Growth.’' Annals ol 
Botan)’, V'ol. XLIII., pp. 

Experiments liavc heen niadc* in wat(*r cultures lo test the 
effect of depriving barley plants of phosphorus after varying 
initial periods during which it had been supplied, and of supplying 
phosphorus after initial periods of deprivation. 

The provision of phosphate for the first six weeks or longer 
permitted normal growth lo be made, as was shown by the 
number of tillers, ears, and grains produced, the average numl)cr 
of grains per ear, and the dry w'eights. With shorter initial 
periods of phosphate supply growth was seriously depressed in 
all these respects. Jf phosphate was w'ithheld for the first four 
weeks, tiller production was not affected, but no ears were pro- 
duced. With longer initial deprivation, growth was steadily 
depressed in all respects, and the type of growth gradually changed 
from a bushy, succulent character to a tliin, lanky, untlllered plant 
bearing the travesty of an ear. 

The amount of phosphate aijsorbed by the plant increased 
steadily in more or less direct proportion to the length of time 
phosphate was given at the beginning of growth, but sufficient was 
taken up in the first six weeks to enable the plant to make its 
maximum dry weight, 'I'he percentage of phosphate in dry 
matter rapidly increased from this time onwards. The absence 
of phosphate supply up to the first six weeks of growth caused 
an extremely rapid drop in the amount of phosphate ultimately 
taken up by the plant, after which a more gradual de<Tease 
occurred with lengthening periods of phosphate deprivation. The 
probable importance of the presence or absence of phosphorus 
at the time tillering begins is indicated by refeiamce to further 
experiments in which phosphate was supplied and withheld for 
alternate fortnights during growth. 

IX. R, A. Fisukk. .1 Preliminary .Vote on the Effect 
tij Sodimn Silicate in /ucreusmg the Yield uf Harley." 
Journal of Agricultural Science, Vol. XIX., 

pp. 

The addition of sodium silicate has been found to increase 
the yield of barley to a considerable extent, this (‘ffeet being’ most 
marked wdun no superphosphate is added. 

1 he pho.sphatic (’ontent of (he ash is not grt'allv inereased in 
the grain, and is diminished in one case in the straw; the conclu- 

from this observation that the silicate does not act bv releasing 
soil phosphate.s, but as a plant stimulus, overlooks the fact that 
the addition of silica to the ash naturally reduces the percentage 
of other constituents, and should he discounted. 

Ihe phosphate removed annually in the crop is greatly in- 
ncased on the plots receiving silicate, even when this removal 
has continued for many years without replacement. 

Hiat additional phosphate is actually made a\ailal)Ie lo the 
<'>'op on the plots receiving silicate is shown by ilte increase in 
lie proportion of phosphate in the dry weight of the crop, whieli 
appears on all the plots, and at all periods. 
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This increase is quantitatively sufficient to account for the 
increased yield in ^rain and straw, without postulating the aid of 
any stimulus to plant growth. 

X. T. Eden and K. A. Fisher. Studies in Crop Variation, 

IV, The Experimental Determination of the Value 
oj Top Dressings with Cereals/’ Journal of Agricul- 
tural Science, 1!127. VoL XVII., pp. 548-1)67. 

A simple account of a top dressing experiment carried out 
at Rothamsted in 1026, with especial reference to the design of 
such experiments in general, to the statistical analysis ol the 
data, and to the precision attained. The experiment was of % 
plots of winter oats and designed to test with precision the 
return from top dressings applied early or late, in single or 
double quantities, and using sulphate or muriate of ammonia. 
All possible combinations of these conditions were used, the whole 
having eight-fold replication. I lie results possessed a higlu'r 
level of precision than on any previously attained in conditions 
which allow of a valid estimate of error, the standard error of 
each comparison being only 1*4 per cent. It is, then, of an order 
which allows discussion of the monetary return to the industrial 
farmer in relation to the cost of manure and labour. I he experi- 
ment is one of a programme of research into top dressings, which 
it is hoped can he maintained at the same level of precision. 

XI. Bhai Bacmi’KANd. Studies in Crop Variation, I’. 

The Relation between Yield arid Soil Nuiricnls, ’ 
Journal of .Agricultural Science, 1028. Vol. XVHl, 
pp. 602-627. 

It is shown (a) that it Is possible to fit Maskell's Resistance 
formula (in which the reciprocal of tlie yield is expressed as the 
sum of terms each dependent on a specifti' maniirial factor) to 
experimental data involving the simultaneous variation of two 
numerical factors i)v a siifTiciently r.apld process of approxima- 
tion, (b) that in every <'ase discussed the formula fits the tacts 
within the limits of experimental error <‘sti mated from the ppoii* 
ments themselves although formuhx of other types fad striking!} 
to do so, (c) that the parameters appropriate to each nutricmt are 
therefore independent of other conditions and arc capaie o 

direct physical interpretation. The interpretation siigges er 

supplies a direct measure of the quantity of each sod nutnem 
actually available to the plant, ;md of its specific impnrtaiuc 
determining yield. 


n.__STATISTlC.\E METHODS AND RESUETS. 

(Statistical Department.) 

XII. R. A. I'IsheR. " The General Sampling 
of the Multiple Correlation Coefficient/' ^ 

,!{ ih,. Koynl Soridy (A), 19-J8. Vol. 121, pp. 

By an appropriate linear transformation of tlic '"‘^‘'^^'', 1 ',^. 
variates it may ln’ shown that the sampling vvlielr 

multiple correlation coefticienl does not depend oil 
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matrix of correlations between these variates, but solely upon 
the multiple correlation in the population sampled. 

The actual distribution (A) may then be easily obtained by 
similar methods to those by which the distribution of the simple 
correlation coefficient has been obtained. 

The frequency function involves a hypcrg^eometric function of 
p*R* which is a rational function when n, and th are both even, 
algebraic when n* only is even, and reducil)le to circular functions 
when Hi and n, are both odd. 

The case of large samples yields a scries of distributions 
(B) of great interest, involving Bessel functions, which connect 
the X* distributions with the (iaussian, and are intimately related 
to a double Poisson summation. Owing to the practical importance 
of this limiting form, a table of its 5 per cent, points is given 
up to seven independent variates. 

When n* is even, the probability integral of the genera) distri- 
bution is expressible in finite terms which are developed in 
Section 6. 

The (B) distribution of Section 5 replaces the X* distribution 
in the analysis of variance if the squares summed are non- 
central. An analysis of variance so extended leads to a third 
group of distributions (C), closely related to (A), and tending like 
it to a common limit (B). The distinction ^tween (A) and (C) 
arises from the fact that in cases proper to the multiple correla- 
tion the central displacements will vary from sample to sample 
owing to variations in the second order moment coefficients of the 
independent variates, and for such cases (A) is the correct distri- 
bution. The type (C), however, is of frequent occurrence owing 
to the absence or irrelevance of such variation, 

XIII. R. A. Fisher. '‘On a ])islribution Yielding the 
Error Functions of several Well-kno'd-'n Siatistics.” 
Proceedings of the International Mathematical Con- 
gress, Toronto, lOiM, pp. 805-813. 

When the exact sampling distributions of a number of the 
statistics in most general use came to be worked out, it appeared 
that apart from avoidable differences in notation, nearly all were 
examples of three related types of distribution. Two of these 
had been previously found and tlicir numerical values made in 
part available. In 1900, Pearson had established the distribution 
of hi.s measure of discrepancy X* used in testing goodness of fit. 
Although as given this distribution was incorrect, the correction, 
so long as efficient methods of fitting are used, does not change 
the form, but only the particular member of the series to be 
employed. An identical distribution was subsequently found by 
Student ” for the variance as estimated from a normal sample, 
tuid by the author for the index dispersion for the Poisson and 
Binomial series. The distribution of t first found by " Student ” 
m studying the mean of a unique sample, is also exact over a 
mudi wider range, and gives the distribution also of regression 
coemcients of all orders, The third distribution, that of s, which 
may be regarded as a generalisation either of that of X’ or of i, 
completes this group of theoretical distributions and .supplies the 

^lion for intraclass correlations, the goodness of fit of regression 
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forniulse, the comparison of variances and the significance of 
multiple correlation and correlation ratios. 

XIV. K. A. I'lSHER AND J. WisHART. “ Ofi the DistHbu^ 
tion of the Error of an Interpolated Value, and on the 
Construction of Tables^'* Proceedings of the Cam- 
bridge Philosophical Society, 1927. Vol. XXIII., 
pp. 912-921. 

The development of simple interpolation formulae involving 
only even differences, has favoured the increased use of formulae 
of high order; while tlie theoretical study ot the remainder term 
makes it possible to design tables tor which such formulae are 
rigorously valid. This paper develops the theory of the distribu- 
tion of the error of interpolated values, and shows that these 
will always have a higher precision than the tabular entries, ami 
if the errors of the latter arc normally distributed and indepciKh nt, 
those of the former will be normally distributed also, with a 
variance which for high order formal* tends to equality. This 
will not be the case for tai)Ies “ correct to the nearest lignire " 
in which the error distril)iilions of the laludar entri<'s will he 
rectangular, and those of the interpolate will have a complicalnl 
distribution. The advantages both in convenience and in precision 
of not cutting down tables as originally calculated, so as to be 
correct to the nearest figure are therefore to be considered in thr 
publication of tables. 

X\'. J. W’isKAHT. “ (bi Errors in the Multiple Correhitiou 
('oejlicient due to Random Sampling/’ Memoirs ot 
the Roval M(*trnrologi('al Soi'iety, 192H. Vol. II., Ntr 
13, pp.' 29-37. 

The use of the multiple correlation in meteorological and 
agricultural problems is common where the effect of a number 
of independent I v varying factors on, say, the weal.ier ot a par- 
ticular locality,' is investigated. An experimental study is made 
of the kind of values, with tlieir frequency of occurrence, which 
would arise from chance factors which had in reality no inlluencc 
(HI the phenomenon studied. I he mathematical theory lot tho 
particular case is now complete, and it is shown how the picb- 
ability of ota tirrencc ol any value can be calculated. 1 his ineihix 
of testing the signifii'ant’c is recommended in place ot the nn>ri* 
usual probable error, for the distribution is far Irom imrmal. 

XVT. J. Wisn.ART. " Tuh/e of Sifrmficant Values of 

Multiple Correlation Coefiicicnl/' Quarterly Jourmd ol 
llie Royal Meteorological Society, 1928. \ R " 

pp. 25H-2ri9. 

This table j;ivcs the values of the multiple rorrelallun voeffij 
cienl that would occur in random sampling from uncoirea ^ 
material for the 1 and a per cent, levels of significame, .im 
based on the theory outliruHl in the preceding memntr. ^ 
carried as far as .six independent variates and up to samp<'^ 

1 1 ) 0 . 
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XVII. J. WiSHART. " Le traitement conect des ProhUmes 
de Correlation Multiple en Meieorologie et Agricul- 
ture/' Report of the Association Fran^aise pour 
ravancement des Sciences, 192H. 

The use of the multiple correlation coellicient and its testing; 
by the preceding significance tables is explained, and examples, 
taken from the weather forecasting work of Sir Gilbert Walker, 
are worked out. Comment is made on the recent correspondence 
in “ Nature ” on the use of the probable error in correlational 
work. 

XVIJI. J- WiSHART. The Generalised Product Moment 
Distribution in Samples from a Normal Multivariate 
Population/' Biometrika, 1028. \'ol. XXA., pp. 

32-52. 

The distribution of the variance was first given by “ Student ” 
in 1908. The next advance was in 1915, when R. A. Fisher, for 
a two-variate population, gave the simultaneous distribution of 
the three second order moment coefficients, namely the two vari- 
ances and the cross product moment (or co-variance). In this 
paper the problem is generalised to include any number of 
variates, and the multiple distribution of all second order product 
moment coefficients is deduced. .A table follows giving the moment 
coefficients of this distribution, as far as the fourth order and 
eight variates. 

XIX. |. WiSHART. A Problem in Coinbiuaturial Analysis 
giving the Distribution ol Certain Moment Staitsties/' 
IToceedings of the London Mathematical Societv, 1929. 
Series 2, Voh XXIX.. pp. 309-321. 

'fhe method outlined in the previous paper for deducing the 
moments of the distribution from a particular generating funenen 
is tedious, and it is Itere show n that it is, after all, only a particular 
case of a more general pndileni whose solulinn can be reached 
through the tbeorv of combinatorial analysis, Ihe correspond- 
ence between the tl ivories is indicated, and the special problem, 
whicli cun be considered as a ring arrangemeiu of rods, is worked 
out in full. Finallv, an operational solution is demonstrated, and 
the arithmetical procedure for building' up any required result is 
illustrated in an example. 

XX. J. WiSHARi. “ Siimpliug Errors in the 7 heory of 1 'U'o 
Factors/’ British Journal of Psvchologv, 1928. ^'ol. 
XIX., Bart 2. pp. 180-187. 

U is a mathematical consequence of the (hemy that any 
ability can be resolved into two factiu's, one general and the other 
specific, that the tetrad difference of correlation (.andlicicnts In twi en 
any four abilities should vanish, within the limits ot random 
sanipling* error, .‘\ modified definition of the tetrad is introduced 
in order that the distribution reached in Paper No. X\’1II. should 
he capable of application to this problem. .An exact formula is 
Iheii deduced for the standard error of the tetrad, and this is 
‘Applied to some published results of psychological experimeiUs. 
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XXL T. N. Hoblyn. A Statistical Analysis of the Daily 
Observations of the Maximum and Minimum Thermo- 
meters at Rothamsted/’ Quarterly Journal of the 
Royal Meteorolog-lcal Society ^ 1928. Vol. LIV., pp 
183-202. 

Daily records of maximum and minimum temperature at 
Rothamsted are available for 49 years. This paper gives the 
means, variances and covariances for each month, and analyses 
the variance and covariance into portions ascribable to variation 
from day to day and from year to year. 

XXII. R. A. Rishhr .and N. Hoblyn. “ Maximum and 
Minimiitti~cor relation Tables in Comparative Climat- 
ology/' Geografiska Annaler, 1928. Vol. 111., pp 
267-281. 

In connection with Paper Xo. XXL on Maximum and Mini- 
mum Temperature Variations at Rothamsted, the opportunity was 
taken to prepare and publish for the purposes of comparative 
climatology two-way tables of these variates fur each month of 
the year for the first 49 years of experience at Rothamsted. The 
tables are supplemented by Analyses of \'ariance in which the year 
to year Nariatinn is distinguished from the day to day variation 
within the same year. 

XX III. R. A. Fisher and Bhai Bal.mukanu. " The Esti- 
m(ilit)n of IJnktige from the Offspring of Selfed Hctero- 
zygotes." Journal of Genetics, 1928. Vol, XX., pp. 
79-92. 

Five methods of solution are given of the statistical problem 
presented bv typical linkage data. 4 he example chosen shows 
the various errors into \vlii( h the use of inellicient statistics leads. 
Of the efficient methods, the method of maximum likelihood pos- 
sesses the advantage that it may be applied directly to any analo- 
gous problem, and is related in a previously unsuspected way to 
the measure id disciepam y V '. 4 he pro<luct ratio method, 

for using which a table is provided, enjoys the practical advantages 
f>f other efficient solutions, and is in addition unaffected by diller* 
ential viability, if this is caused by one factor only. 4*he method 
of minimum X', unlike tlm other two, is laborious in compulation 
and seems to possess no special theoretical interest. 

XX I\’. R. :\. Fjshek. " 'The Possible Modifications of the 
Response of thr IPild 'type to Recurrent Mutations.'’ 
American Naturalist, 1928. V^ol. LXIL, pp. lLVl2tt. 

The react if)n of the wild type to mutations is known in many 
( a.scs to be capable of a somewhat rapid modification in experi- 
mental conditions, l)y the selection through differential viability 
of factors capable of modifying this re.sponsc. 

It may be calculated that with mutation rates of the order nl 
one in a million the corresponding selection in the .state of nature, 
though extremely slow, cannot safely be neglected in the case or 
the lietcrozygotes. 

The observed behaviour of multiple allelomorphs largel) 
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supports, though that of specific modifiers seems to oppose, the 
view that complete dominance generally may be regarded as a 
product of such selective modification. 

XXV. K. A. K IS HER. Further Xotes on the On'gm 

of Domituince." The American Naturalist, 1928. Vol. 
LXn., pp. 571-674. 

In connection with the previous paper (No. XXIV) the evi- 
dence of the behaviour of the cotton mutant, Crinkled Dwarf, 
investigated by Dr. S. C. Harland, is cited as demonstrating the 
natural evolution of dominance. This mutant is a clear recessive 
in the Sea Island cottons in which it occurs, but on crossing with 
other species the dominance of the wild type is found to be con- 
ditioned by a group of probably numerous modifiers in which the 
Sea Island has come to differ from other cottons. 

It is suggested that the anomalous dominance of several 
breed characteristics in domestic poultry may be explained by the 
incidence of selection in early stages of domestication when the 
domestic flocks were frequently sired by wild jungle fowls. 

\X\T. R. A. FiSHhK am; L. H. C. I irpEiT. “ Thu /hug 
Forms of the Frequency Distribution of the Largest or 
Smallest Member of a Sampled' Proceedings of the 
Cambridge Philosophical Society, 1928. Vol. XXIV., 
pp. 180-190. 

The distribution of the greatest or least of a sample of n may 
l>c derived from that of the population sampled, if it tends 
to any limiting form as the sii^c of the sample is increased, its 
distribution must obey a functional relation the solution of which 
is here given, with a discussion of the criteria which determine 
the limiting fr>rm. and of tiie gradual approach to the limit shown 
in normal samples. 

.XW'II. K, A, Fisher and H. B. FoRd. '' 'Ihe I'anabihiv 
of Species in the Lepidoptero, with Reference io 
Abundance and Slw," Transactions of the Entomo- 
logical S(x'ietv of London, 1929. \"ol. LXX\]., |)p. 

The frequency distribution of depth of pigment in the ground- 
colour of the fore-wings i)f 35 species of British moths has been 
obtained by comparison of over 5,000 specimens with a standard 
colour scale. 

I'or comparison of variabilities of groups of different average 
tint tile standard deviations have been adjusted to eliminate any 
arbitrary elements which might have been introduced by the scale 
emplo)'ed. 

The mean tint is darker in the females than in the males, 
and is also darker in the more abundant than in the less abundant 
species. 

Kven after adjustment the mean variance is about 30 per 
^'ent. higher in females than in males, and is in both sexes 
greatest in the abundant species, and at least in tht>sc which are 
less than common. 
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It is also possible, though the difference is not in this material 
statistically significant, that the species with wider range are, in 
any one locality, the more variable. 

The association of variability with abundance accords with 
an early generalisation of Darwin’s, and with the theory that 
variability is determined by a balance between the influences nf 
mutations and selection. 1 his theory is insutheient numerically 
to account for the large differences in variability between the 
sexes. 

In view of the frequency of polymorphism, and other marked 
variations, in the females as opposed to the males in Lepidoptern, 
it is suggested that the male sex hormones may inhibit the action 
of a number of the factors influencing the development of pig- 
ment, as in the well-known sex-controlled variation. The su^^- 
gestion of Goldschmidt that there exist pigmentation factors In 
the Y chromosome capable of interaction with outosomal factors 
to cause pigmentary differentiation is an alternative view which 
may account for a few cases. This should result in purely female 
unisexual polymorphism (except for the possibility of occasional 
crossing-over between the X and Y chromosomes), but it is almost 
certainly an Infrequent phenomenon. It is possible that sexual 
.selection mav, in part, be responsible for the complete inhibition 
of mimetic patterns in the males of certain mimetic species. 

.XWTil. R. A. I' ISHKK. " Triplt't (hildrcn in (irettf 

and Ireland,'^ l*roceedings of the Royal Society (It), 
mi. Vol. 1U2, pp. •J.'^fi-llll. 

Measurements taken at a fixed aye ot llo surviving triplet 
(liildren, are reported upon in ri'spect rrf tlie average yn)Wlh 
attained, whh'h is not appreciably different from tliat of rliildmi 
hv single births; of lire degree of resein))lance between pairs of 
like and unlike sex, whi< b confirm in entirely independent nialirial 
the t'oncluslon drawn [n>m l.auterbach's measurements of twins; 
and of the luhei itanei* of the iwimiing tendency which, in rtppod- 
tion to the vit'w i|e\eloped by Weiiibery, indicates inheritani c ot 
diemliryoM) on the pali rnal side. 

XM\. R. A. ITsm.K. " Svnn- (/b/n fnmv .l/oii.t'} 
Theory, Statistinil and iicneth ." Transaction.^ '>1 llit 
lintomoloy leal Society rd London, Vol. 

pp. 

The statistical reasoning wliich led .Marshall to disprJtc the 
applicability of .Muller’s theory to the mimetic approach of a more 
numerous to a less numerous form, is shown to be unsound, ‘Ui 
the validity of Muller’s argument is verified. The conltnimn 
iTinnetl that in ( erialn cases mimetic forms must have j 

saltations falls with .Marsliall’s argument on which it ’ 

The more recent study of modifying factors shows that life . 
ban inheritance observed in polymorphic mimics does \ 
that these forms were not gradually evolved by natural m 
while the stability of the gene ratio of these factors imp a 
five action, 
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III.—THESOIL. 

(a) Mechanical Analysis. 

(Chemical, Physical and Statistical Departments.) 

XXX. A Sub-Committee of the Agkicultueal Education 
Association. The Revised Official British Method 
for Mechanical Analysis,'^ Journal of AL^ricultural 
Science, 1928. Vol. XVIII., pp. 734-739. 

A Sub-Committee of the Agricultural Education .Association, 
with Dr. Keen as convenor, proposed in 1926 a new method of 
mechanical analysis that was officially adopted by the Association. 
(Papers XXn. and C., Report 1925-26.) .At the 1927 meeting- 
of the Internationa! Society of Soil Science an agreed international 
method was adopted which did not differ greatly from the New 
British method. In consequence, the .Agricultural Education Asso- 
ciation Sub-Committee decided to make the necessary changes in 
its recommended method to bring it into line with the international 
proposals, and the present paper contains an account of the 
reasons for the change and the actual alterations involved. 4he 
full details of the new rnetliod, known as the “ Revised Official 
Method,’* have been accepted and published (see Technical Paper 
No. CXVIII). 

The main differences are that the fractions are weighed as 
oven dry and not after ignition, and the grouping of the fractions 
has been altered to the Atlerberg scale. 

XXXI. E. M. t 'row THER. “ -Vtunogruf’/c? for use in 

Mechanical Analyses Calculations/'.. and 

Papers of First International Congress of Soil Science, 
Washington, 1928. Vol. I., pp. 399-104. 

To facilitate the more general adoption in routine work of 
the temperature correction for the viscosity of water in mechanical 
analysis, a nomograph has been prepared giving by a direct 
reading the times or depth.s of sedimentation equivalent to those 
desired at a standard temperature of 20° C. In a second nomo- 
graph the logarithms of the settling velocities are connected with 
(1) the experimental depths and times and (2) the temperature 
and “ equivalent diameter ” evaluated on the basis of Stokes' 
Law. 


XXXII. K. M. Crowther. The Direct Detennituiiion of 
Distribution Curves of Particle Size in Suspensions." 
Journal of the Society of Chemical Industry, 1927. 
Vol. XL\T., pp. 105-1071'. 

An apparatus is described for obtaining continuous size 
djstribution curves of suspensions through measurements of the 
changes with time of the density at a given depth. .A highly 
sensitive differential liquid manometer connected between two 
points near the base of the sedimenting colufiin is used to secure 
sufficient magnification for direct readings. Since the readings 
are proportional to the concentration at a defined depth they may 
be plotted against the times, or the logarithms of the times, to 
give directly a summation percentage curve for particle size. 
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XXXIII. E. M. Crowther. '' A Manometric Apparatus /or 
the Direct Determination of Summation Percentage 
Curves in Mechanical Analysis,'^ Proceedings and 
Papers of First International Congress of Soil Science, 
Washington, 1928, Vol. I., pp. 394-398. 

See Paper No. XXXI. for abstract. 

(b) Physical Properties. 

XXXIV. B, A. Keen. First Commission Soil Mechanics 
and Physics/’ Soil Science, 1928. Vol. XXV., pp. 
9-20. 

This is a critical review of recent progress in Soil Physics, 
partly based on the papers presented to the International Congress 
of Soil Science, at Washington, O.C., in 1927. 

XXXV. B. .A. Keen and J. R. H. Coutts. “ 'Single Value’ 
Soil Properties : A Study of the Significance of Certain 
Soil Constants.” Journal of Agricultural Science, 
1928. Vol. XVUI., pp. 7lO-76r). 

Numerous attempts have been made to devise an experimental 
method that, applied to a variety or a series of soils, enables them 
to be placed in an orderclosely reflecting their field behaviour or 
their most important physical characteristics. Such a method 
is called a “ single value determination, as it endeavours to 
specify the soil by a single number, in distinction to the group of 
figures obtained, for example, from a mechanical analysis. A 
number of these methods are discussed in the present paper, which 
contains an account of a detailed investigation on 39 soils of certain 
single value determinations. 

The methods selected for study were chosen because (i) they 
required only simple apparatus, and (li] they appeared to be 
related to some distinct characteristic of the soil. 

The list of measurements was as follows : — 

(a) percentage of clay ; (b) moisture content of soil in cquili' 
brium with atmosphere of 50 per cent, relative humidity (the 
ordinary “ air-dry moisture content ” which was also determined, 
is close to this value) ; (c) ignition loss of the dried soil ; (d) mois- 
ture content at the “ sticky ” point, which is defined as the point 
at which a thoroughly kneaded plastic mass of the soil is just 
about to stick to the fingers or to a knife. 

An important feature of the present investigation was the 
repetition of the above measurements after the soils had been 
treated with hydrogen peroxide. Our present knowledge indicates 
that this removes the humified and non-structural part of the 
organic matter without exercising more than a small solvent action 
on the mineral portion of the soil. Comparison of the single-value 
results for the original and peroxide treated soils thus gives an 
opportunity of approximately comparing the relative contributii ns 
of the organic and mineral parts of the soil. The main results 
are set out below : — 

Correlation coefficients obtained for the various pairs of 
quantities examined express the general fact that the heavy clay 
soils have the highest ignition losses, moisture contents and sticky 
points. 
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An increased correlation between clay and sticky point for 
the peroxide treated soils suggest that the sticky point value 
is controlled both by the organic matter and some property related 
to the clay content. 

When the associations are further examined by partial corre- 
lation coefficients, the sticky point is shown to be largely con- 
trolled by the colloidal and inorganic colloidal material, while the 
moisture content at 50 per cent, relative humidity is largely con- 
trolled by the actual clay content. There is independent evidence 
that this moisture is held in the minute interstices between the 
clay particles. 

The sticky point approaches a lower limit of about 16 per 
cent, moisture content with very sandy soils containing little 
organic matter. This value is close to 14.6 per cent., which is 
the saturation moisture content of an ideal soil in closest packing, 
and it is shown that the pore space of this ideal soil and of the 
kneaded blocks of actual soil have approximately the same value. 
Hence the value of the sticky point moisture content is made up 
of (fl) 16 per cent, of water held in the pore space, unassociated 
with colloidal material, and (i>) water associated with colloidal 
material. The division of the latter quantity into water associated 
with organic matter and inorganic clay colloids can be very 
approximately effected by assuming (i) that the difference between 
ignition losses of original and peroxide treated soil measures the 
effective organic matter, and (ii) that the ignition loss of the 
peroxide treated soil (less the organic matter still present) repre- 
sents the clay colloid. On these assumptions it appears that the 
organic colloid takes up about 4.4 times Us own weight of water, 
and the inorganic clay colloid *2.7 times its own weight. The 
approximate nature of the comparison must be emphasised, owing 
to the limitations in the assumptions on which it is based. If the 
actual clay content be taken instead of the ignition loss of the 
peroxide treated soil, as a measure of the inorganic colloid, the 
clay on a unit weight basis is only one-ninth as effective as the 
organic matter. 

A comparison is made of the variation of sticky point deter- 
minations made by different workers, and it is show'n that satisfac- 
tory agreement can be secured after a little experience of the 
method. 

The importance is stressed of Introducing single value methods 
as an adjunct to the modern svstem of soil classification, and 
into soil physics. 


XXXVI, B. A, Keen*. “ Some Comnieuts on the Hydro- 
meter Method for Studyinf^ Soils." Soil Science, 1928. 
Vol. XXVI., 261-263.' 


Bouyoucos has developed an empirical method of studying 
•^oils, based on the reading of a hydrometer placed in a suspension 
of the soil in water that has stood for 15 minutes to allow the 
coarser particles to settle. In Paper No, XXXIV., it was pointed 
that the method was essentially qualitative, since an appreci- 
able density gradient must exist in the suspension between top 
and bottom of the long hydrometer bulb after so short a period as 
Later, Bouvoucos (Soil Science, 1925, 25 pp. 365* 
'169) claimed that this statement was not justified, and gave some 
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results to support his claim. The present paper consists of an 
examination of these figures, which show, as would be expected, 
that there is an appreciable density gradient, and the actual tech- 
nique employed by Bouyoucos is then stated in exact physical 
terms : it consists in measuring at an arbitrary time the average 
density of a layer of suspension several centimetres in length whose 
density is continually changing both with depth and time in a 
manner depending on the particle-size distribution curve of the 
soil, and therefore varying from soil to soil. The method is 
therefore essentially qualitative, although in the present state of 
our knowledge it has some value as an empirical determination. 

XXXVII. W. B. Haines. Studies in the Physical Proper- 
ties of Soils, IW A Further Contribution to the Theory 
of Capillary Phenomena in Soil.” Journal of Agricul- 
tural Science, 1927. Vol, XVII., pp. 264-290. 

This paper examines in detail the manner in which the mois- 
ture in soil is distributed over and between the soil particles. The 
usual conception of an ideal soil (an assemblage of equal sized 
spheres in regular packing) is employed, and experimental meas- 
urements are made with various materials approximating to this 
definition. It appears from considerations of the pressure defici- 
ency produced by curvature of the water film surfaces, that there 
are two possible stable positions for a film of given pressure 
<lcficiency : one in whicli the water exists as an open tunnel, and 
the other in which the tunnel is filled and closed by a concave film 
at each end. fhe fact that these interchangeable forms are possible 
implies that over a wide range of moisture content the pressure 
deficiency remains constant, falling rapidly to zero at saturation, 
and rising theoretically to an infinite value at the dry end of 
the scale*. The experimental results conform this conclusion when 
allowance is made for the impossibility of packing the material 
in the regular manner postulated for the ideal soil. 

The curve connecting pressure deficiency with percentage of 
pore space occupied by water is shown also to represent the r{‘la- 
tion between height altove the water talde and moisture c<mlent 
at that height for a column of soil whose lower end stands in 
water. 

The suction or pressure deficiency which is necessary to draw 
an air-water interface into the pores of the soil characterises the 
capillary behaviour over a considerable moisture range, and the 
term “ entry value ” is suggested for it. 

XXXVni. R. A, Imsher. Further Sate on the Capillary 
Forces in an Ideal Soil.” Journal of .\gricultural 
Science, 1928. V’ol. XVIII,, pp. 406-410. 

The new observations of Haines on the pressure deficiency 
of liquid in a soil-like aggregate confirm the theoretical deduction 
that the pressure deficiency falls off with increasing water content, 
but do not justify his belief in a high static stress as saturation 
is approached. 

;\ theorem is established connecting” the static stress at an> 
water content with the pressure deficiency and the dry 
suiface. This, together with general considerations of the 
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energy conditions of physical equilibria, appears to dispose of the 
two assumptions from which the high values for the cohesive 
stress at saturation have been deduced. 

XXXIX. E. M. Crowther. '' Some Physical Properties 
of Heavy Alkaline Soils under Irrigation [in the Sudan 
Gezira).** Proceedings and Papers of First Inter- 
national Congress of Soil Science, Washington, 1928. 
Vol. F, pp. 429-433. 

The value of some extremely simple physical methods of 
studying soil texture is illustrated by measurements on the heavy 
alkaline soils of the Sudan Gezira. The field density of the soil 
shows a marked maximum at a depth of 80 cms., but the imper- 
meability to water of the soil at this depth is not entirely due 
to the closeness of packing, since sieved soil samples, uniformly 
packed in glass tubes, show a pronounced minimum in the rate 
of water movement at this depth. The rate of capillary rise of 
water into sieved soils in glass tubes affords a simple measure 
of soil texture which is useful for soil survey purposes. In good 
cotton soils, the rate of capillary rise was about 50 per cent, 
higher than in bad soils. 

XL. B. A. Keen. The Limited Role of Capillarity in 
Supplying Water to Plarit Roots/* Proceedings and 
Papers of the First International Congress, 1927. 
Vol. I., pp. 504-51L 

The pore space in soils may be regarded as consisting either 
of an assemblage of small Cellular units or of irregular thread-like 
capillary tubes. The latter conception is the one customarily 
employed in text-books when the movement of soil moisture is 
under consideration. It leads, however, to values for the capillary 
rise of water in soils that are much higher than those found 
experimentally. 

The attainment of equilibrium conditions of moisture in a soil 
column is a slow process, and moisture distribution conditions in 
the field are therefore essentially dynamic. The present paper is 
a preliminary account of the relation between evaporation factors 
and the daily level of the ground water table in large cylinders 
of soil exposed to field conditions and kept iincropped. From the 
data, which included the period of the great drought in 1911, it is 
possible to construct curves showing how the free water level 
would fall in an initially water-logged soil during a continuous 
and unbroken drought. It is found that after the w^ater table has 
receded some 70 cms. below the surface in a heavy loam soil, 
the subsequent fall is very slow, and in a further six months the 
level falls only an additional 20 cms. This slow movement show’s 
that capillary action is practically ineffective in raising water 
through a higher distance than 60-80 cms. in a heavy soil under 
field conditions, and the result emphasises the importance of those 
cultivation methods intended to protect the moisture supply m 
the soil from evaporation at the surface. 
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XLI. G. W. Scott Blair and E. M . Crowther. '' The 
Flow of Clay Pastes through Narrow Tubes/‘ Journal 
of Physical Chemistry, 1929. Vol, XXXllI., pp. 
321-330. 

Laboratory studies of the physical and physico-chemical fac- 
tors concerned in the production of soil tilth in the field can be 
made in a variety of ways. This paper gives an account of the 
behaviour of clay and soil pastes when they are forced through a 
capillary tube under pressure. The experimental method has been 
used by a number of workers and for a wide range of plastic 
materials, but neither the apparatus nor the theoretical treatment 
can be regarded as completely satisfactory. Improvements were 
therefore introduced in the design of the apparatus : a bulb is 
provided at each end of the capillary and the paste is sheared 
alternatively from one bulb to the other ; the apparatus is bodily 
lilted during the experiment to keep the level of the paste in the 
two bulbs the same, so that no correction is required for hydro^ 
static head ; the amount of flow under given constant pressure 
is measured by a calibrated flowmeter consisting of a sensiti\e 
inclined alcohol manometer that records the pressure of the dis^ 
placed air as it escapes through one of a series of capillaries, 
selected as convenient for the velocity of paste flow under 
measurement. 

It is known that the relationship between the amount uf 
material flowing in unit lime and the pressure applied is not the 
simple proportionality obtained with true fluids under the same 
conditions for which the Toisuille equation holds. Numerous 
attempts have been made to obtain a modified Poise uille equation 
for the flow of pastes. The one here considered is clue to Bucking- 
ham who predicted that with Increasing pressures the material 
would flow successively as (a) a solid plug, (b) a solid plug moving 
in an outer stream line sheath, (c) entirely stream line flow. These 
conclusions are shown ex per imon tally to be correct, hut in addi- 
tion there is a stage that precedes the plug flow, in which no 
movement at all occurs until the pressure reaches a certain 
minimum value; the necessary modification of the Buckingham 
equation to include this effect is given. When the volume of 
How in unit time is plotted against the pressure employed, (he 
points for the plug flow and the complete stream line flow lie 
on straight lines. A constant Independent of the diameter of 
the capillary can be derived from the slope of each line, and the 
ratio of these constants is independent of the concentration of the 
material used over a wide range. I'he value of the ratio appears 
to depend on the nature and geological origin of the material, 

XLII. G. W. Scott Blair, " Ueher die Geschwimlig- 
keitsfunktion der Viskosiiat disperser Sysieme/’ (On 
the speed-function of Viscosity in disperse, systems), 

“ Kolloid Zeitschrift,*' 1029. V*ol. XLVII., pp* 

Ostwald and his school have for some years been collectings 
a great mas.> of data relating the amount of material passing 
through a capillary tube in unit lime and tbe pressure applied tn 
the material. For colloidal materials which are not true fluids 
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many other workers have found that for a certain reg-ion of pres- 
sures a straight line is obtained by plotting- the pressure direct 
against the flow per unit time, though this straight line does not 
pass through the origin. 

Ostwald’s treatment, however, is more elaborate and involves 
the logarithms of the pressure and flow. This necessitates the 
friction coefficient (equivalent to viscosity in a pure fluid) having 
dimensions dependent on the material used and on the conditions 
of experiment. 

In this paper it is shown that much of the data obtained by 
Ostwald and others can be equally well interpreted on the simple 
relationship already mentioned. This has the further advantage 
that the friction coefficient is of normal dimensions. 

(c) Soil Cultivation. 

XLIII. W. B. Haines and B. A. Keen. Studies in Soil 
Cultivation, IV. A Xew Form of Traction Dynamo- 
nieUr/' Journal of Agricultural Science, 1928. Vol. 
XVIiT, pp. T24-733. 

The original form of dynamometer (Report 1926-26, Paper 
XXX.) has now been replaced by a new type described below 
that has many advantages. 

The instrument consists of (a) an hydraulic link weighing 
161b., and placed in the hitch, (h) a recording mechanism weighing 
I5lb., carried on any convenient part of the implement, and (c) a 
control box weighing 41b., carried by the operator. When packed 
in a stout box for transit, and with all accessories, the total weight 
is less than 1001b. The instrument is of robust construction, and 
has a minimum number of moving parts. Adjustments for stylus 
pressure, etc., are provided, but the necessity for using them 
hardly ever arises. 

The instrument operates by recording the amount of move- 
ment in a Buordon tube filled with oil and connected by narrow 
bore copper tubing to the oil in the hydraulic link. A number 
of Bourdon tubes is provided, of different strengths. These tubes 
are easily interchangeable so that the instrument can be used, 
with the same percentage accuracy for all types of work from 
the lightest to the heaviest. 

XLIV. W. B. Haines and B. A. Keen. “ .4 New Dynamo- 
meter, suitable for all types of Horse and Power- 
Drawn Implements/* Proceedings and Papers of the 
First International Congress of Soil Science, Vol. I., 
Part II., pp. 405-411. 

See Paper No. XLIV. for abstract. 

XLV. B. A. Keen. ** The Value of the Dynamomgter in 
tJu/ftiufton Experiments and tti Soil Physics Research.” 
Proceedings nd Papers of the First International Con- 
gress of Soil Science, 1927. Vol. I., pp. 412-428. 

This Paper summarises the work already described in Papers 
XXX., XXXI,, and XXXIL, of the 1925-26 Report. In addition 
an account is given of later work in which variations in the resist- 



72 


ance of the subsoil were recorded by the dynamometer during- 
the operation of mole drainage. The field in question was known 
to have an irregular subsoil, patches of gravel occurring in the 
clay. The boundaries and extent of these patches were sharply 
defined by the dynamometer results, and it was therefore possible 
to construct a map giving their positions in detail. Without the 
dynamometer this information would only have been obtained — 
and only then in a very approximate form — by laborious digging 
or boring of many holes. 

[d) Organic Chemistry. 

XLVl. M. J. Page and C. E. Marshall. “ 77ie Origin of 
Huniic Matter/' Nature, 1927. Vol. CXIX., p. 393, 
Fractionation of humic material by sulphurous acid gave 
substances resembling lignosiilphonic acids. The possible relation- 
ship between lignin and natural humic acids is discussed. 


IV.— THE SOIL POPULATION AND ITS BEHAVIOUR. 


(Bacteriological, Ceneral Microbiology, Mycoiogical, and 
Entomological Departments.) 

(a) BAt TERIA. 

XI.VIL E, J. Russell. The Present Status of Soil Micro- 
biology and its Pearing uf>on Agricultural Practice/' 
IVoceedings and Papers of the First International 
Congress of Soil Science, June, 13-2*2, 1927, Washing- 
ton, D.C\ Vol. I. 


XLVUI. V. H. H. Cray and H. O. Thornton. “ i'ojl 
liacterui that Oecotnpose Certain Aromatic ('oni- 
pounds/' Centralblatt fur Bakteriologie Abt. II., 
1928. Vol. LXXIIL, pp. 24-9G. 


Many types of .soil bacteria have been isolated that can de- 
compose the aromatic compounds phenol, meta-cresol, and naph- 
thalene, which are used as soil sterilising agents. Several of 
them can also utilise one or more of the following compounds: 
ortho-cresol, para-cresol, phloroglucinol and resorcinol. One 
orgGAnism has liecn isolated that can utilise toluol. Pure cultures 
of the bacteria use these compounds as sole sourcecs of energy in 
mineral salts media containing inorganic nitrogen. Organisms 
without spores grew in media containing 0.1 per cent, phenol, 
hut were killed by a concentration of 0.2 per cent. The bacteria 
are widely distributed in (ireat Britain, and have been found in 
soils from Norway, the Tyrol, and from islands in the .South 
Atlantic. They are mcjst often found in arable soil and, in the 
Kolhamsted plots, rarely excur in unmanured soil. One spt < les 
(Mycobacterium agreste n.sp.) is more abundant in dry than m 
wet districts. Out of 245 soil samples examined, 146 yielded the 
bacteria, and from these 208 strains were isolated that altnck 
cither phenol, meta-cresol, or naphthalene. From a study u 
their morphology and growth characters the strains have been 
classified into seven genera and 25 species, which are desenbeo- 
A new genus, Mycopluna, has been formed to include an abciiaii 
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type having motile branch cells. When soil is treated with phenol 
an increased bacterial population ensues, which is composed 
largely of one morphological type [Micrococcus sphaeroides n.sp.) 
that can decompose phenol in pure culture. 

XLIX. H. G. Thornton. '' The Influence of the Number 
of Nodule Bacteria as Applied to the Seed upon Nodule 
Formation in Legumes/' journal of Agricultural 
Science, 1921). Vol. XIX., pp. 373-381. 

In a field trial with lucerne grown from seed treated with 
varying doses of culture, it was found that the numbers of nodules 
were increased as the dose was raised from 2,500 to 20,000 organ- 
isms per seed (56 to 7lb. of seed per culture). Storing the seed 
for periods up to 28 days between inoculation and sowing caused 
some loss in the nodule numbers. This loss was greatest between 
1 and 7 days’ storage. 

The difference in dose of culture and in period of storage 
did not significantly affect the crop subsequently obtained from the 
inoculated plots, whose yield was, however, much above the un- 
inoculated. In a pot experiment made with runner beans, it 
was found that increase in the dose of culture above 1,280,000,000 
organisms per pot containing six seeds was still capable of increas- 
ing nodule numbers but not to an extent proportional to the 
increase in dose. 

The experiment does not exclude the possibility that the 
restriction in effect of very heavy doses may be due to the soil 
population becoming saturated with the bacteria. On the other 
hand, observations on lucerne plants grown aseptically on agar 
and inoculated with a pure culture, showed that even when ex- 
cessive numbers of bacteria immediately surrounded the root 
hairs, only 4 per cent, of these were infected. 

L. H. G. Thornton. “ 'ihe Role of the I’o^ojg Lucerne 
Plant in Determining the Infection of the Root by the 
Nodule Forming Bacteria. ’ Proceedings of the Royal 
Society (B), 1029, pp. 481-492. 

The appearance of nodules on seedlings of Lucerne (McdF 
ciigo saliva. L.) coincides with the opening of the first true leaf. 
I'liere is evidence that before this leaf opens tbe nodule bacteria 
do not, as a rule, infect the ront-hairs. 

The delayed infection is due to the plant, and not to any delay 
in the development of infective power by the bacteria. 

When young inoculated seedlings whose first leaves are still 
closed are grown intermingled with older plants a considerable 
number of nodules will develop on them, aliliough scarcely any 
are formed on control seedlings of the same age, grown by them- 
selves. 

The solution surrounding the roots of seedlings whose first 
leaves are expanded, has an influence in stimulating the app<‘arancc 
of nodules on younger seedlings and increases the growth of the 
nodule organism on agar. The solution surrounding the roots of 
)0unger seedlings has no such effect. 

I he active substance inducing nodule appearance when the 
first leaf opens is not formed in this leaf, since the removal 
of the leaves while still closed has no effect on nodule appearance. 
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LI. H. G. Thornton. The ' Inoculation * 0/ Lucerne 
(Me die ago sativa) in Great Britain/* Journal of Agri- 
cultural Science, 1929. Vol. XIX., pp. 48-70. 

The Paper discusses experiments laid down at 39 centres in 
Great Britain to test the value of seed inoculation for lucerne. In 
the West and North of England the treatment greatly benefited 
the lucerne and often enabled a crop to be obtained where the 
untreated lucerne failed. 

In the midland and south-central counties, inoculation usually 
produced a temporary improvement, the untreated plant eventu- 
ally catching up with the inoculated. In East Anglia and Kent, 
untreated lucerne usually developed plenty of nodules. There is 
evidence that, when the seed is inoculated, the chances of success 
with lucerne are on the whole as good in the West and North 
of England as they are in the South-east. 

LIT H. L. Jensen. On the Influence of the Carbon- 
Xitrogen Ratios of Organic Material on the Mineralisa- 
tion of Nitrogen/* Journal of Agricultural Science, 
1920. Vol. XIX., pp. 71-82. 

Organic materials wit)) a C:N ratio ranging from about 
85:1 to about 10:1 were submitted to nitrification tests in an 
acid and in an alkaline soil during a period of G months. In the 
acid soil only pea pod meal, with a C :N ratio of 13.3 :1 showed an 
increase in inorganic N over control; in the alkaline soil the limit 
above which no nitrification will occur within a period of 6 months 
was at C :Nr:. 2G :l ; below this limit the rate of nitrification in- 
creased rapidly, with decreasing C:N ratio. Unnitrified N was 
left behind in a (juantily corresponding to 1.5-2. 2 per cent, of the 
original material, the percentage being higher in the case of 
materials rich in N. 

All the materials tended to increase the content of “ 
humus ” in the soil, though not to the same extent or in the same 
manner. More “ humus ” was produced in tlie alkaline than 
in the acid soil, except In the case of farmyard manure. Straw, 
sweet clover, lupin and farmyard manure apparently acted both 
through their lignin content and through the synthesising action 
of micro-organisms, since they increased the amounts of both N 
and rnethoxyl in humus. Mycelium of Poly poms, contains a frac- 
tion possessing the properties of “ humic acid,” rich in N, but 
devoid of mclht>xyl, which persists in the soil. 

The experiments show that the carbon-nitrogen ratio is a 
factor which exerts an influence on nitrification as profound as that 
of soil reaction, and that the less complete utilisation of farmyard 
manure nitrogen as compared with nitrogen in artificial fertilisers 
can to a large extent be explained hereby. 

LIII. P. n. H. Gray. " The Formation of IndigoUnfrom 
Indol hy Soil Bacteria/* Proceedings of the Royai 
Society (B), 1928. Vol. CII., pp. 263-280. 

A study of the physiology and biochemistry of new 
soil bacteria that decompose the toxic compound 
especial reh rcnce to the action of Pseudomonas tndo oja 
The indol is converted rapidly into the insoluble indigotm; 10 
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reaction the organism needs a source of energy such as amino- 
acids dextrose, glycerol, fatty acids, or alcohols. The conver- 
sion is effected quantitatively and appears to be carried out by 
means of an extra-cellular enzyme. 

LIV. P« hf* hi. Gray and H. G. Thornton. I'he Estima- 
tion of Bacterial umbers in Soil by Direct Counts 
from Stained films.” “ Nature,” 1928, Vol. CXXII., 
pp. 140-141. 

A preliminary note concerning a new method of counting 
soil bacteria by direct observation through the microscope. 

{b) Protozoa. 

LV. D- Ward Cutler and A. Djxon. ” The Effect of Soil 
Storage and IVaier Content on the Protozoan Popu- 
lation." Annals of Applied Biology, 1927. Vol. XIV., 
pp. 247-254. 

Stored soil is a suitable medium for experiments on micro- 
organisms provided that the ratio of surface to volume is rela- 
tively high. The water content of soil, if sufficiently low (1/6 
to 1/5 the water-holding capacity) may act as a limiting factor 
for soil protozoa, but above this amount changes in the water 
content are without effect. 

LVI. C. E. Sklnner. ” The Effect of Protozoa ajid Fungi 
on Certain Biochemical Processes 'afen Inoculated into 
Partially Sterilised Soil.” Soil Science 1927. V^ol. 
XXIV., pp. 149-161. 

In partially sterilised soils inoculated with bacteria Hartman- 
ellu hyalina and with bacteria alone, the presence of the amoebae 
caused a reduction in the bacteria) numbers and a slight depression 
in carbon dioxide production and ammonia accumulation. The 
presence of Trichoderma kOningi and PerdcilliuTn sp. increased 
carbon dioxide production but decreased the accumulation of 
ammonia. 

LVH. D. Ward Cutler and L, M. Crump. ” The Qualita- 
tive and Quantitative Effects of Food on the Groveth of 
a Soil Amoeba [HarimanelUi hyalina)." British Journal 
of Experimental Biology, 1927. Vol. V., pp, 155-165. 

The reproductive rate in Ilartmanella hyalhui varied directly 
with the available bacterial food supply. It is shown that three 
species of soil bacteria have difi'erent feeding values both in respect 
of the rate of division of the amoebae, and also of the total increase 
in protoplasm. 

LVI 1 1. A. Dixon. " The Effect of Phenol, Carbon Bisul- 
phide and Heat on Soil Protozoa." Annals of .applied 
Biology, 1928, Vol, XV,, pp. 110-119. 

Phenol has a greater lethal effect than has carbon bisulphide 
upon protozoa. Steaming glasshouse soil destroys the majority of 
protozoa and depresses their numbers for a considerable period 
of time. 
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LIX. H. Sandon. “ A Noie on the Microbiology of Wicken 
Fen Soils, with Special Reference to the Protozoa/’ 
Natural History of Wicken Fen, 1928. Part IV., Sec- 
tion 35, pp. 366-370. 

In connection with the ecological survey of Wicken Fen 
Cambridge, eight samples of peat soils were examined. The pro- 
tozoa found in them are recorded together with the results of 
counts of bacteria and of actinomycetes. The r61e of micro- 
organisms in fen soils is briefly discussed. 

LX. II. Sandon. '' A Study of the Protozoa of some Amer/ 
can Soils/' Soil Science, 1928. Vol. XXV., pp. 
107-122. 

Protozoa and other micro-organisms were counted in a number 
of soil samples from the experimental plots at the New Jersey 
Experiment Station, Wide variations were found in samples 
taken at different dates but, on the whole, numbers were low 
compared with those obtained from similar plots at Kothanisled. 
A neighbouring soil (Penn loam) gave much higher figures. Con- 
siderable numbers of protozoa were present even during severe 
frost, but rapid increases occurred after thawing and the numbers 
then reached were much higher than at other times in the year. 
Counts were also made on dry, irrigated and alkaline soils at 
Logan, Utah, and some degree of activity was indicated in tliem 
all. 

The kinds of protozoa are very similar in all soils so far 
examined, and their numbers are roughly proportional to the 
numbers of bacteria present. 

(c) Fungi. 

LXL W. B. Brif.klev, S. T . Jewsun and M. BRURitv. 
" The Quantitative Study of Soil Fungi" Proceeding's 
and Papers of the First International Congress of Soil 
Science, 1027. Vol. III., pp. 1-24. 

;V summary of investigations on the quantitative estimation 
of soil fungi. I he plating technique is divided into its component 
factors :—(.\) Factors of Sampling : (1) methods of sampling, (2) 
amount of sample, (3) depth distribution of fungi in relation to 
sampling, (4) storage of samples, (5) comparison of samples; (B| 
Factors of Suspension ; (1) sampling of sample for primary sus- 
pension, (2) shape of container, (3) suspension liquid; (C) h actors 
of Disintegration : (1) method of disintegration, (2) violence and 
duration of shaking; (D) Factors of Dilution : (1) method of dilu- 
tion, (2) degree of dilution; (E) Factors of Plating : (1) method or 
plating, (2) number of plates, (3) .size of plates, (4) amount o 
medium, (5) composition of medium, (6) acidity of medium, (i) 
competition on plates; (F) Factors of Incubation: (1) ^ 

incubation, (2) temperature of incubation; (G) Factors ^ 
ing : (1) method of counting. These factors are studied 
pendently and in combination and it is shown that if 
rigidly standardised a technique is obtained which gives a sa i 
factory degree of accuracy in replication experiments. 
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LXII* E. McLennan. The Groivtk of Fungi in Soil,” 
Annals of Applied Biology, 1928. Vol. XV., pp. 
96409. 

Sterile soil was inoculated with a known quantity of spores of 
four different fungi, incubated at 9° C. and at intervals repre- 
sentative samples were plated out by the dilution method and an 
analysis of the plate population made. Results showed that 
hi<^h plate counts were not in any way connected with vegetative 
growth and supported Conn's idea that in such a case one is 
simply measuring the sporing capacity of the forms used. 

Samples of moist soil and of soil which had been dried in a 
vacuum desiccator over calcium chloride were plated out by the 
dilution method and the number of fungal colonies per plate com- 
pared. A marked decrease was noted with the dried sample. 
The reduced pressure was found to have no effect as drying under 
ordinary air-pressure gave comparable results. 

Suspensions in soil, and in sand, of fragmented mycelia and 
of a mixture of fungal spores, were in turn plated out directly 
and after drying. No colonies developed from the sample in the 
desiccator containing only mycelia, whereas the sample containing 
spores was in no way affected. It is suggested therefore that the 
decrease obtained after drying is due to the desiccation of the 
vegetative mycelium in the soil and since the reduction in the 
number of colonies per plate is very pronounced after this treat- 
ment, it is thought that the normal fungal constituents of the soil 
are present extensively in the mycelial condition. 

(d) Alg.f. 

LX 11 1. B. M. Bristol Ro.\ch. “ On the .4/gcr of some 
Normal English Soils.” Journal of Agricultural Science, 
1927. Vol. XVI L, pp. 6634)88. 

.\n account of an investigation of the algal-flora of four 
Kngiish soils by means of dilution cultures of freshly gathered 
samples of soil from the top, second, fourth, sixth and twellth 
inch depths and from the top 6in. mixed. A counting method is 
described applicable to the green algie and diatoms, by means 
of which it is shown that these alga? are distributed throughout 
the top 12in, of soil, though at the sixth and twelfth inch depths 
they are considerably less numerous than nc.arer the surface. 
At the fourth inch depth tlie numbers of individuals are not signi- 
ficantly smaller than on the surface and may be even greater. 

The unmanured plot of Broadbalk wheat field was found to 
contain the same main species as the adjacent farmyard manure 
plot, but was poorer in number of individuals. Thirty-five species 
are described from each plot; they seem to be divisible into two 
groups, the true soil forms and casual specie.s. Of the true soil 
forms some grow equally well on the surface and in the lower 
layers, whereas others are more numerous on the surface than 
^ffhin the. soil. The same main types were also obtained from 
barnfield and from a cottage garden, but the blue-green species 
''ere less conspicuous in both of these soils. 

Experimental evidence is given to show that many of the 
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alg» of the soil exist in a vegetative condition rather than a resting 
condition. Biological notes are made on some of the more im> 
portant or interesting soil species. 

LXIV. B. M. Bristol Ro.^ch. '' On the Carbon Nutrition 
of some Algcc Isolated jrom Soil/' Annals of Botany, 
1927. Vol. XLl., pp. 509*617. 

An account is given of the growth, both in daylight and in 
complete darkness, of five species of soil algae, isolated in pure 
culture, on media containing mineral salts enriched with various 
sugars. It is shown that all five species are capable of growing 
in complete darkness, provided that a suitable organic compound 
is present in the medium, and may therefore be regarded as true 
soil alg®, but that the five species react quite differently to the 
conditions imposed upon them, and that they vary considerably 
in. the extent to which they are able to grow in the dark. It is 
concluded that it is not justifiable to regard the soil algje ns a 
homogeneous physiological unit in considering the relation which 
these organisms bear to the problems of soil fertility. 

LXV^. B. M. Bristoi. Roach. " On the Influence oj Light 
and of Glucose on the Gro'icth of a So\l Alga/' Annals 
of Botany, 1928. \'ol. XLII., pp. 317-316. 

co 5 fid(ifi/ 5 , Chad., i‘ar, chU/relloideSj Bristol 
Roach, grows in liquid cultures at different rates according to 
the external conditions imposed upon it, and there appears to be 
some internal factor which limits the growth of the organism at 
a temperature of 24.5^ C. to a maximum rate in the light repre- 
sented by the figure 0.47-0.475. The maximum rate of growth is 
realised under purelv photosymlhctic conditions with a launpara- 
lively strong light intensity, and the addition of glucose to the 
medium produces no signilicant increase. 

As the light intensity diminishes and the rate of growth bv 
means of photosynthesis ^becomes less, the alga absorbs glucose 
directly from the medium to supply the deficiency due to retarded 
photosynthesis, hut only in sucli quantity as will bring the total 
growth rate up to the maximum figure. As the intensity of the 
light continues to diminish, the alga absorbs increasing amounts 
of glucose up to a maximum quantity, which is approximately 
equivalent to the amount assimilable when the alga is grown m 
complete darkness with glucose as its sole source of carbon. 

With light of low intensity, when the rate of growth due to 
photosvnthesis is low, the total rate of growth of the alga possi e 
in a glucose medium is equal In the sum of llie rates due 
photosynthesis alone and to the maximum amount of g 
assimilable in the dark. . • .i, ofp of 

With low and moderate intensity of illumination, tne r • ^ 
increase of the growth rate in a mincra 
photosynthesis alone appears to be direc 
rate of increase in light intensity, until 
of optimum efficiency is reached ; beyond 1 
increases in light produce progressively 
growth rate as the alga approaches more 
rale of growth. 
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LXVI. B. M. Bristol Roach. " The Present Position of 
our Knowledge of the Distribution and Functions of 
Algce in the Soil.*' Proceedings and Papers of the 
First International Congress of Soil Science, 1927. 
Vol. III., pp. 1-9. 

A summary ; special attention is given to the distribution of 
alg® in methods for distinguishing between resting 

and vegetative cells, to the carbon nutrition of soil algae and to 
the nitrogen cycle in the soil. 

(e) Insects. 

LXVII. H. M. Morris. '' The Insect and other Inverte- 
brate Fauna of Arable Land at Rothamstedj Pari II." 
Annals of .Applied Biology. Vol. XIV., 1927, pp. 

m-m. 

Samples of soil were taken from six of the plots of Barn Field 
on the farm of the Rothamsted Experimental Station, and insects 
and other invertebrates found therein are recorded together with 
the approximate depth at which they occurred. Of these plots 
one receives no manure, one superphosphate only and one ammo- 
nium salts only, while of the other three, all of which receive 
dung, one receives superphosphate and potash, and another ammo- 
nium salts in addition. The total number of insects and other 
invertebrates per acre in the undunged plots were 1,208,000, 
1,410,000 and 1,7.114,000 respectively. Of these, 673,000, 999,000 
and 1,124,000 respectively were insects. Similarly in the dunged 
plots the total numbers of insects and other invertebrates per acre 
were 12,948,000, 9,448,000 and 10, a 16,000 respectively, and of 
these 2,323,000, 2,215,000 and 4,677,000 respectively were insects. 
Each sample was taken in five layers so that it was possible to 
record the approximate depth at which each individual occurred. 
The greatest number, both of insects and of other invertebrates, 
occurred in the upper five inches of the soil. It appears that arti- 
ficial manures have little or no effect on the soil fauna, while the 
effect of dung in increasing the fauna is very considerable. 


V.— THE PLANT IN DISEASE; CONTROL OF DISEASE. 

(Chemical, Entomological, Insecticides and Fungicides, and 
Mycoiogical Departments.) 


(u) Insect Pests and their Control, 


LXVI II, H. F. Barnes, " The Priiish (iall Midges of 
Peas/* Bulletin of Entomological Rese.arch, 1928. 
Vol. XIX., pp. 183-185, 


In Britain three species of gall midges exist whose larvse 
may be found in pea pods : the pea midge, CoMtuWmu which 
IS the most common and is sometimes a pest ; Lcstodiplosis pisi, a 
predator on the former; and CUnodiplosis pisicola, an inquiline. 
e larva of these three species are discussed and the last-named 
^ IS described in detail for the first time. 



LX IX. H. F. Barnes. “ Wheat Blossom Midges [Cecido- 
myidcBj Diptera). Differences between * Contarinia 
tritici * [Kirby) and ' Sitodiplosis mosellana' (Gehin)/' 
Bulletin of Entomological Research, 1928. Vol 
XVIIl., pp. 285-288. 

In the past, wherever Cecidomyid larvas have been found in 
the ears of wheat, the presumption has been that the species 
concerned was C. tritici : this error has been made both in England 
and North America. It is shown that in the vast number of 
cases of infection the species concerned is S. mosel/ana, which 
attacks the kernel and not the anthers as in triciti. Full descrip- 
tions and figures are given for separating the two species in 
question. 

LXX. J. Davidson. 5ome Aphides infesting Tulips/' 

Bulletin of Entomological Research, XV 1 1 1., Scpi., 
1927, pp. 51-62. 

A detailed technical description is given of three species of 
aphids obtained from various sources on tulip bulbs and iris 
corms. These species were r<*ared and observations made on 
the progress of infestation on tulips. tulipce is shown 

to be a serious pest of stored bulbs, and when the latter are grown 
early in the season in glasshouses, multiplication becomes rapid 
on the growing Icaf-spathes which leads to distortion of the plants. 
The other species, viz., Rhopalosiphonhuis tuUpcclla and .Uf/cro- 
siphum gei are of less importance : the first mentioned along 
with Amiraphis tidipcc have up to the present been imperfectly 
known and detailed figures illustrating their distinctive characters 
given. Infested stored bulbs should be collected and subjected 
to treatment in order to prevent widespread infection of other bulbs 
in the same store and various methods of treatment are given. 

LXXI. J. Davidson. On the Oicurrmce of the Bdriheno- 
genetic and Sexual Forms in Aphis rutuicis, mlh 
Special Reference to the Influence of Fnrironnienftil 
Factors/' .Annals of Applied Biology, VTIM ^ 'T 
XVI., pp. 104-134. 

This Paper discusses in detail experimental evidence as to the 
factors which tend to the production of alate dispersal !oriii>, 
apt era? and sex u ales. Especially notable are the elTrcIs of over- 
crowding on the host plant leading to the production of alate 
forms : the effects of rerntwal of the growing points of bean 
plants on the degree of infestation of the latter by the nphiti> : an 
the effects of duration of daylight and temperature on the incid- 
ence of the sexual forms. 

LXXII. W. M. Davies. " The Effect of Variation in l/cla- 
live Humidity on Certain Species of Cotknibok. 
British Journal of Kxpcrimcntal Biology, 

VI., pp. 79-86. 

It was found that, with the exception of the genus 
hrya, CollcmlKila devoid of a tracheal system, are 
to atmospheric dryncs.s. .Species which possess a trachea s)- 
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are capable of withstanding complete dryness for a period of 10 
hours or double the maximum time found for non-tracheate forms. 
The influence of variation in relative humidity in the death-rate of 
various species has been studied, and at a uniform temperature of 
25° C. a saturated atrnosphere was found necessary for survival. 
The work has a definite practical bearing, since it explains why 
methods of controlling Bo^lrletiella horiensis require to be carried 
out in early morning or after heavy rain during the day ; at other 
times this insect retreats below the soil. 

LXXIII. W. M. Davies. The Bionomics of Apion ulicis 
{Gotse Weevil) with Special Reference to its R6le in 
the Control of Ulex europceus in New Zealand/" 
Annals of Applied Biology, 1928. Vol, XV., pp. 263- 
286. 

The external morphology of this species in its different stages 
is described and the details of its biology and feeding habits are 
given. The effects of the feeding of the adults and larvae on the 
host plant are described, together with tabular results of a study 
of pod infection from samples taken from 62 districts in Great 
Britain. As high as 92 per cent, infection was observed in some 
cases. Prolonged tests were carried out with respect to the 
possibility of the Apion attacking cultivated leguminous plants, 
but gave negative results. The species is considered valuable 
for the purpose of attempting the control of the spread of gorse 
in New Zealand and shipments have been made to that country 
for this purpose. 

LXXIV. F. Tattersfield AND C. T. Oimingham. "" Studies 
on Contact Insecticides, Part V. The Toxicity of the 
Amines and N-HeterocycUc Compounds to * Aphis 
Rumicis L */" Annals of Applied Biology, 1927, Vol. 
XIV., pp. 217-239. 

The toxicities to Aphis rumicis of certain alipathic and aro- 
matic amines and of some of the simpler nitrogen-heterocyclic 
derivatives have been quantitatively determined. 

Tetramethylammonium hydrate and chloride are more toxic 
than the corresponding tetraethylammonium compounds. This is 
in keeping with the findings of Dale and his co-workers, who have 
shown that tetramethylammonium has certain physiological effects 
similar to those of nicotine, which are not shown by tetraethyl- 
ammonium. 

The aromatic amines, on the whole, show little insecticidal 
action. Aniline and most of the aliphatic anilines are only slightly 
toxic to .4. rumicis. The substitution of aromatic groups in the 
ammo group of aniline increases toxicity more than the substitu- 
tion of aliphatic groups. There are interesting relationships in 
regard to toxicity among these compounds. 

o-Nitraniline is one of the most toxic of the aniline derivatives. 

Among the heterocyclic compounds, nicotine is highly pois- 
onous to .4. rumicis. The heterocyclic rings constituting the mole- 
cule of nicotine are much less toxic than nicotine itself; pyrrole 

pyridine show comparatively slight insecticidal action. The 
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order of increasing toxicity of the simpler N«heterocyclic com- 
pounds is pyrrole, pyridine, picoline, lutidine, quinoline and iso- 
quinoline, acridine. 

Hydrogenation of pyridine and pyrrole increases their toxi- 
city, piperidine is more toxic than pyridine and pyrrolidine than 
pyrrole. 

Benzyl-pyridine is the most toxic pyridine derivative tested. 


LXXV. F. Tattersfield and C. T. Gimingham. Studies 
on Contact Insecticides^ Part VL The Insecticidal 
Action of, the Fatty Acids, their Methyl Esters and 
Sodium and Ammonium Salts.’' Annals of Applied 
Biology, 1927. Vol. XIV., pp. 331-368. 

The toxicities to Aphis rumicis L. of the fatty acids from 
formic to stearic and of the sodium and ammonium salts and 
methyl esters, applied as spray fluids, have been quantitatively 
determined. Two unsaturated acids, undecenoic and oleic, are 
included. 

There is a rise in toxicity of the acids with increase of mole- 
cular weight as the series is ascended from acetic to undecylic 
acid. Formic acid is exceptional. Beyond undecylic 
acid, there is a fall in toxicity, and acids higher in the series than 
tridecylic, show only slight toxic action. 

The sodium salts of the fatty acids are in most cases much 
less toxic than the corresponding acids, though the difference is 
less marked with the higher acids. Oleic acid and sodium oleate 
are of the same order of toxicity. 

The ammonium salts are generally less toxic than the corre- 
sponding acids, but the differences are much less than in the case 
of the sodium salts. With some of the higher acids, e.g., myristic 
and oleic, neutralisation with ammonia increases toxicity. The 
relatively high toxicity of the ammonium salts may be due, at 
least partly to liberation, by hydrolysis, of free fatty acid in a very 
finely divided state. 

Methylation of the fatty acids reduces toxicity; ail the methyl 
esters are less toxic than the acids or ammonium salts. 

Both the ammonium salts and the methyl esters show, like 
the acids themselves, increase of toxicity with increase ol mole- 
cular weight up to a certain point. The formates are exceptional. 

The fatty acids do not show marked toxicity to the eggs of 
Selenia tetralunaria Hufn. at concentration below 2 per ccni. 

Possible relationships between certain physical properties 
(physical state, volatility, dissociation constants, partition coeffi- 
cients and surface tension) of the fatty acids and their insecticidal 
action are discussed. 

Determination of partition coefficients as between olive oil 
and water and comparison of the figures with the relative toxjci- 
ties show a steady rise in toxicity with a decrease in the partition 
coefficients (watcr/oil) from acetic to capric acid. Formic acid 
is again exceptional. With lauric and oleic acids there is a brea 
in correlation. The bearing of the solubility relationships of t « 
acid.s on these results is considered. 
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LXXVI. F. Tatter SF iELD. '' The Relationship between 
the Chemical Constitution of Organic Compounds and 
their Toxicity to Insects/^ Journal of Agricultural 
Science, 1927. Vol. XVII., pp. 18T208. 

An analysis is made of the relationships between chemical 
constitution and insecticidal action in the vapour phase. There 
is rou^h correlation between the molecular weig^hts and volatili- 
ties of org-anic compounds and toxicity, but it is probable that 
these relationships are only indirectly involved and that they 
indicate a connection of a more direct kind with some other 
property such as adsorption. 

An account is given of the toxicity to insects of certain plant 
products. The most potent of these are certain tropical legu- 
minous plants used as fish-poisons. A brief account is given of 
the chemical derivatives found in these plants. One of them, 

“ tubatoxin/’ is one of the most potent contact insecticides 

known. _ ^ i . • 

A list of the groups of organic chemicals tested for their toxic 
action on Aphis rumicis and the eggs of Selenia tetralunaria is 
given. A more detailed account is given for each group of the 
relationships between chemical constitution and insecticidal action. 
It is shown that the substitution of certain radicals in the benzene 
ring profoundly affects toxicity, but that toxic action depends 
not only upon the radicals, but the number substituted and, in 
certain cases upon their relative position. 

An analysis is made of the bearing of certain of the physical 
properties of these acids upon toxicity ; such are volatility, physical 
state, partition coefficients, dissociation constants and surface 
tensions of their solutions in water. None of these properties 
entirely accounts for the toxicitles shown by the fatty acids, but 
to a certain extent with some of them correlation is sufficiently 
close to indicate the necessity of further study but on simplified 
lines. 


LXXV'II. F, Tatter SFIELD. The Decomposition of 
Naphthalene in the Soil and the Efject upon its Insecti- 
cidal Action/' Annals of Applied Biology, 1928. Vol. 
XV., pp. 5T80. 

When naphthalene is incorporated thoroughly with soil, it 
shows a fairly potent toxic action on wireworms; uneven distri- 
bution lessens its efficiency as, owing to its low vapour pressure 
and consequent slow, spread, it produces only a small zone oi 
toxic action, 

The persistence of the toxic action depends upon the soil 
type. In soils rich in organic matter, toxicity disappears more 
rapidly than in soils less rich in organic matter. Toxicity persists 
longer in sterile soils and in sand than in unsterilised soils, and 
in dry than in moist soils. 

The rate of disappearance of naphthalene from soil has been 
determined. It depends very little upon volatilisation, but almost 
entirely upon some factor inherent in the soil, which is more active 
in soils rich in organic matter than those poor in organic matter, 
and in unsterilised soils than in sterile soils. 
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The bacterial numbers of the soils are at first decreased by the 
addition of naphthalene, but there is a rapid rise during the period 
when acceleration in the rate of decomposition of the naphthalene 
is taking place. All the evidence indicates that the loss of naph- 
thalene from the soil is mainly due to bacterial decomposition. 

Methods of estimating naphthalene are described. They 
depend on formation of naphthalene picrate. Picric acid can be 
more readily titrated by alkali in orange and yellow coloured 
fight than in white light. 

LXXVIIl. J. C. F. Fryer, F. Tattersfield and C. T. 
Gimingham. '' English-grown Pyretkrum as an Insecti- 
cide, I.” Annals of Applied Biology, 1928. Vol. XV 
pp. 423-445. 

The toxicity to Aphis rumicis L. and to certain caterpillars of 
spray fluids prepared from samples of pyrethrum {Chrysanthemum 
cinerariee folium) grown in England from Swiss and Japanese seed 
have been quantitatively determined. 

Pyrethrum flowers, grown in six dilferent localities, showed 
only slight differences, and, for practical purposes, all the samples 
had approximately the same toxicity. They did not differ in this 
respect significantly from a sample grown on the continent. 

The toxicities of extracts of equal weights of pyrethrum 
flowers tested at different stages of development differed very 
little. Artificial drying of the flowers had no significant effect on 
the toxic properties. The flowers were about ten times as toxic 
as the stalks, weight for weight. Prolonged exposure of pyre- 
thrum to wet conditions led to some loss of toxicity, but contrary 
to the usual opinion, if stored in a reasonable manner, it remained 
for long periods without deterioration. Caterpillars of dilferent 
species showed marked differences in susceptibility to the action 
of pyrethrum. The biological method employed has proved suit- 
able for evaluating samples of pyrethrum, 

LXXIX. C. T. Gimingham and F. Tattersfield. " Jjibo- 
ratory Experiments with N on-arsenical Insecticides for 
Biting Insects."' Annals of Applied Biology, 

Vo). XV., pp. 649-658. 

A convenient technique for experiments with insecticides for 
biting insects is described. 

The silicofluorides of sodium, potassium, aluminium and cal- 
cium, used in the form of spray-fluids, showed considerable toxi- 
city to young larvae of several species of moths. The degree of 
resistance varies with different species and is greater with older 
larvs. Considerable, but irregular, injury to foliage was noted, 
and much further work is required to establish the conditions 
under which these compounds could be safdv used. 

Foliage sprayed with extracts of certain tropical plants is 
extremely repellent to young larvae. Even with high dilutions of 
the extracts, the foliage remained uneaten, and the larvae eventu- 
ally died of starvation. 

A short review of some recent work on laboratory experi- 
ments with non-arsenicat insecticides for biting insects is g’ven. 
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LXXX. F. Tattersfield, R. P. Hobson and C. T. 
Giminoham. Pyrethrin I, and 11. Their In&ecticidal 
Value and Estimation in Pyrethrum C. cinerarice- 
foUum ') Journal of Agricultural Science, 1929. 
Vol. XIX., pp. 266-296. 

Pyrethrin I. and II. have been isolated by the method of 
Staudinger and Ruzicka from the insecticidal plant Pyrethrum 
(Chrysanthemum cinerariafolium). Both are shown to be highly 
toxic to the insect A. rumtcis. 

Pyrethrin I. was found to be the most toxic substance so far 
tested by us and it was about ten times as toxic to these insects as 
pyrethrin II. » it is concluded that it is mainly responsible for the 
insecticidal value of pyrethrum. 

Two micro-analytical methods of determining the pyrethrin 
content are described : (a) by means of the acids after hydrolysis ; 

(h) by means of the semicarbazone. 

The analytical results are obtained for a series of pyrethrum 
samples agreed with their observed insecticidal properties. 

Comparisons of the pyrethrin contents, as estimated, with the 
results of direct toxicity experiments both on the pyrethrum 
samples and the pure pyrethrins, confirm the validity of the 
analytical methods. 

LXXX I, F. Tattersfield and R. P. Hobson. '' Pyrethrin 
/. and ll. Their Estimation in Pyrethrum (‘ Chrys- 
anthemum cinerarieEfolium ') //." Journal of Agricul- 
tural Science, 1029. Vol. XIX., pp. 433-437. 

The analytical method previously described is found applic- 
able to flowers grown from Japanese seed. A short analytical 
method for evaluation is described. 

(b) Fungus Pests and Their Control. 

LXXXII. S. Dickinson. Experiments on the Physiology 
and Genetics of the Smut Fungi.-Scedling Infection/’ 
Proceedings of the Royal Society (B), 1927, Vol. 
CII., pp. 174-176. 

The apparatus devised by the author (see 1925-1926 Report, 
Paper No. LXXII.) for isolating individual spores from a culture 
has made possible the present investigation. The results show 
that no infection of oat or barley seedlings by pure cultures of smut 
fungi occurs when one gender (sex) is present, but when, under 
similar conditions, two genders are present, 90 per cent, infection 
and over is obtained. 

LXXXIII. S. Dickinson. "" Experiments on the Physiology 
and Genetics of the Smut Fungi. Cultural ChiiriKier&, 
Part /. Their Permanence and Segregation/’ Pro- 
ceedings of the Royal Society of London, 1928. Series 
B, Vol. CHI., pp. 6i7-565. 

The Smut Fungus used in the experiments described is the 
Covered Smut of Oats (Uflilogo After isolating a chlamy- 

dospore and allowing it to germinate on a suitable medium, the 
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first sporidium formed by each of the four segments of its promy- 
celium was isolated, transferred to test-tube slopes, and allowed 
to develop in culture. Four cultures of strains were in this way 
obtained from one chlamydospore. This has been repeated with a 
number of chlamydospores of known parentage. 

The strain obtained from any one of these isolated sporidia 
was found to differ in one or more cultural characters from the 
other three strains arising from the same chlamydospore. A brief 
description of certain of these cultural characters is given. 

The segregation of these cultural characters was found to 
be on a 2 :2, 3 :1 and i :0 basis. It is deduced that this segrega- 
tion may take place in either the first or the second of the *' reduc- 
tion divisions. So far the segregation of any one character was 
found to be independent of that of any other. 

No conclusive evidence of somatic segregation has up to the 
present been obtained, the strains remaining constant during the 
time they have been in culture. The cytoplasm has been shown to 
have.no determining influence on the cultural characters so far 
described. 

LX XXIV. W. A. Roach. Immunity of Potato Vaneties 
from Attack by the JVart Disease Fungus, ' Synchy- 
trium endobioiicum ' (.Schilh.) Pcrc- Annals of 
Applied Biology, 1927. Vol. XIV., pp. 181-192. 

The present investigation is an attempt to determine, by 
grafting together pieces of immune and susceptible plants, whether 
the cause of immunity from wart disease of potatoes is carried by 
chemical compounds whieh can traverse unchanged a graft fusion 
layer or by those which are unable to do so. 

For this purpose all the eight possible types of plants have 
been built up by grafting together root, shoot and tuber systems 
from either immune or susceptible plants. 

In none of these experiments was the reaction of the tubers 
towards wart disease changed ; hence the cause of the immunity 
is probably not carried by any compound which is able to traverse 
the plant, and the problem is thus considerably narrowed down. 
Examination of the proteins from immune and susceptible varieties 
by immuno-chemical methcxls is a hopeful future line of attack. 

LXXXV. VV. A. Roach and Marv D. Glynne. /'The 
Toxicity of Certain Sulphur Compounds, to Synchy- 
trium endobioticurn, the Fungus causing IVart Disease 
of Potatoes/' Annals of Applied Biology. 192?- 
Vol. XV., pp. 168489. 

The toxicitics towards the winter sporangia of 
endobioiicum of certain of the simpler sulphur compounds winch 
are at all likely to be formed when sulphur is addccl to soil wetc 
tested and compared with that of sulphuric acid. Sulphuric 
(H,S().), sulphurous (H,SO»). dithionic (H.S.O.), irithiomc 
(H.S.O.), tetralhionic (H,S*0.), and pentathionic (H,S,0,) aads 
were tr>xic, and this toxicity was of the same order in each cas^ 
at the same hydrogen ion concentration. Their neutral salts wer 
non-toxic. These facts suggest that the toxicitics of these aci 
are mainly due to their hydrogen ion concentrations. 
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Acidified solutions of sodium thiosulphate (Na,SiO,), sodium 
hydrosulphite (NaiSjO*) and sodium formaldehyde sulphoxylate 
were about ten times as toxic as sulphuric acid. 

The evidence suggests that the toxicity of these acidified solu- 
tions, in excess of that accounted for by the hydrogen ion concen- 
tration, is due to the thiosulphuric acid present in each of them. 

In view of the instability of some of the compounds and the length 
of time taken to exert their toxic action on the fungus, this conclu- 
sion must be regarded as tentative. 

Of the other compounds tested sodium hydroxide was found 
to be a little more toxic than sulphuric acid and persulphuric acid 
about ten times as toxic; hydrogen peroxide, calcium polysulphide 
and sulphuretted hydrogen were only slightly toxic. 

LX XXV I, E. M. Crowther, Mary D. Glynne and W. A. 
Roach, Sulphur Treatment of Soil and the Control 
of Wart Disease of Potatoes in Pot Experiments/* 
Annals of Applied Biology, 1927. Vol. XIV., pp. 
422-427. 

In a series of pot experiments on potatoes grown in an acid 
soil artificially infected with the wart disease fungus,, treatments 
with sulphuric acid and various combinations of sulphur and cal- 
cium carbonate, yielding a wide range of soil reaction, gave almost 
complete freedom from infection when the acidity of the soil 
had been raised to a very high value (pH 3.4 or less). 

Heavy dressings of calcium carbonate, alone or with sulphur, 
giving a soil reaction of pH 7.5 or more, also reduced infection. 

The fact that partial and even, in one experiment, complete 
suppression of disease was obtained at lower acidities, where 
the effects on the disease was not closely related to the degree 
of acidity, supports the tentative conclusion already drawn from 
field experiments that sulphur, in controlling wart disease, does 
not depend entirely on its effect in raising the acidity, but has 
also some other mode of action. Whether this toxicity which 
sulphur exerts apart from its effect on the acidity can be enhanced 
sufficiently to be of any practical value requires further 
investigation. 


(c) Bacterial Diseases. 

LXXXVn, R. H. Stoughton. " The Influence of Eninron- 
mental Conditions on the Development oj the Angular 
Leaf-Spot Disease of Cotton." Annals of Applied 
Biology, 1928. Vol. XV., pp. 333-341. 

The serious disease of cotton caused hy /hictcniir?! nm/rd- 
ceurum E,F.S>, is associated with unfavourable climatic conditions. 
An apparatus has been devised for controlling air tcmpcr.ature and 
humidity within a chamber. It has been found that the limiting 
air temperature at humidities above 80 per cent, relative satura- 
tion for secondary attack by the disease is 32*^ C. above which 
infection does not occur. At 70 per cent, relative humidity, infec- 
tion is slight at 26® C. At lower humidities, no infection occurs 
at a temperature of 28® C. 
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LXXXVIII. R. H, Stoughton. A Method of Maintain^ 
ing Constant Humidity in Closed Chamber&,^' Journal 
of Scientific Instruments, 1928. Vol. V., pp. 365-366. 

Fhe instrument depends for its action on the vaporisation of 
water from muslin covering a carbon filament resistance lamp 
enclosed in a tin through which a stream of air is blown, and 
controlled by a hair hygrostat within the chamber. 

(d) Virus Diseases. 

LX XXIX. J. Henderson Smith. Experiments with a 
Mosaic Disease of Tomato- Annals of Applied Bio- 
logy, 1928. Vol. XV., pp. 155-167. 

A description is given of a mosaic disease produced in tomato 
by a virus, possibly identical with Johnson’s Tobacco Virus 6 
which differs from that of ordinary tomato mosaic in the brilliance 
and intensity of its leaf-symptoms, but in other respects is indis- 
tinguishable from it by the characters investigated. 

The filtered juice of infected plants transmits the disease in 
dilutions in water up to 1 in 10,000, retains its activity for a year 
or more at room temperature, and withstands healing for 10 
minutes at 80® C., but is inactivated at 90® C. 

It is not inactivated by alcohol up to 90 per cent. The virus 
comes down with the precipitate, and is not destroyed when the 
formation of precipitate is prevented by the addition of NaOH. 

Attempts at cultivation of the virus outside the living plant 
are described ; all were unsuccessful. The methods employed in 
filtration, inoculation, etc., are given in detail. 

XC. J. He.nderson S.MITH. " The Transmission of Potato 
Mosaic to Tomato/' Annals of Applied Biology, 1928. 
Vol. XV., pp. 517-528. 

Inoculation by leaf-mutilation with the foliage of normal 
potatoes produced no disease in Nine varieties of potato 

were tested. 

Similar inrx:ulation with foliage of mosaic potatoes produced 
a characteristic di,sease in tomato. Five varieties of potato were 
used, of which three had been tested in the experiments with 
normal foliage. 

The characters of the disease are described. It is transmis- 
sible back to potato again and to other solanaccous plants. Ihe 
virus is filterable, is still infectious after high dilution of the 
extracted juice, and remains active on keeping for several months. 
It is less resistant to heat and alcohol than ordinary tobacco 
mosaic. 

The disease resembles closely the spot-necrosis disease 
described by Johnson as obtained by inoculation of tobacco wiU 
foliage of normal potatoes, the chief difference being the greater 
resistance of the potato mosaics here described. 

It is probable that there exist several strains, differing in 
resistance, of the virus causing mosaic in the potato. 



89 


TECHNICAL PAPERS 

EMPIRE agriculture AND ITS PROBLEMS. 

XCI. E. J Russell. “ The Imperial Research Cor,f 

ence." Agricultural Proeress 1998 v . 

108-110. t-rogress, 1928. Vol. V., pp. 

XCIV. E. J. Russell. ” Australia Conquers the Drought " 
Discovery, 1929. Vol. X., pp. 112-116. ^ 

XCV. E. J. Russell. '• Farming in Australasia: Its Bear- 
ing on British Farming/' Journal of P 
Club, 1929, Part 2, pp. 21-40 

r /; ^^-""ELL. “ .-In Agricultural Tour Aus- 

t^r^ia. Country Life, 1928. Vol. LXIV., pp. 859- 

192«f P and Sydney, 

1928). Published by I he Argus and “ The Aus- 
tralasian/* Melbourne, Australia. 

p ■ i- J- “ P‘^lestine and 

1927 Organisation. 

1998 on Visit to PiUestine, 

Zionist Organisation, 1928. 

^ ^19^28 vi\” Geography, 

1928. V-ol. XIV., pp. 487-491. 


CL 


CII. 


CIII. 


general. 

^P'i' " application of Chemistry in Modern 

farming Journal of the Society of Dvers and Col- 
ourists, January, 1929, p. 10. 

E- J. Russell. " Agricultural Science and Arable 

Xcieruf and Arable 
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CIV. E. J. Russell. Applications of Science in AgricuU 
ture.*^ Empire Cotton Growing Review, 1929 Vol 
VI., pp. 1-9. 

CV. W, D. Christmas. " Notes on the Weather at Uoth- 
amsted/’ “ The Times,” April 2nd, May 2nd, June 
2nd, September 2nd, October 3rd, 1927 ; January 2nd, 
August 1st, 1928; January 2nd, 1929. 

CVI. A. N. Puri. ” Investigations on the Behaviour oj 
Hygrometric Hairs/' Quarterly Journal of the Royal 
Meteorological Society, 1927. Vol. LIU., pp. 115. 
126. 

CVH. E. J. Russell. ” AgriculUiral Research/* Ency- 
clopaedia Britannica, 14th edition. 

CVIII, E. J, Russell. ” Rothamsted Experimental 
Station/' Encyclopaedia Britannica, 14th edition. 

CIX. W. B. Brier LEY. ” Obituary Notice oj Rrojessor 
W. Johannsen/* Annals of Applied Biology, 192B. 
Vol. XV., pp. 699-703. 

CX. J. Davidson. “ Professor Antonio Berlese/* Annals 
of Applied Biology, 1928. Vol. XV., pp. 609-511. 


CROPS, SOILS AND EERTiLiSERS. 

(a) Crops. 

CXI. E. J. Russell. The Growth of Crops^" School 
Science Review, 192*'^, pp. 241-218. 

CXil. C. r. CiiMiNcUAM. ” Xection on * lUocheiuistrv 
{Pliints)'/’ In the .Article on Biochemistry in the 
.Annual Reports of the Chemical Scjcietv, 1927. Vol. 
XXiV., pp. 220-242. 


(fj) Soils. 


C.XIII. E. J. Russell. ” The Chalk Lands' of EngUitul." 

Srh(K)! Nature Study, 1927, Vol. XXII., pp. 40-16. 
CXIV'. E. J, RussEi.r,. " .Soilf and Fertilisers in 1927." 
Agricultural Research In 1927, pp. 131-160. {Royal 
.Agricultural Society of England, 1928.) 

CXV. FL M, Crowtmer. Articles on ” Soils and FerU- 
lisers/’ In the S(H:icty of Chemical Industry .Annual 
Reports on Applied Chemistry, 1927. Vol. XII., pp- 
15L48H; 1928, Vol. XIII., pp. 469-606. 

C.XVL E, j. Russell. ” Soils/* Encyclopjcdia Britannica, 
14th edition. 


{'XVII. B. A. Keen. " P/iysicnl Properties of S<oh. 

Em yrlopa’dia Britannica, I4lh edition. 

CXVIll. A St n-COMMITTEE OF the Agriculturai, LdI (A* 
TioN Association. ” Revised Official Method fnr nc 
Mechanical Analysis of Soils* Adopted by the . /T''' 
cultural Education Association in 1927." Agnculiur 
Progress, 1928. Vol. V., pp, 137-144. 
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CXJX. B. A, Keen. Mechantcal Analysis : Nationd and 
International/' Soil Research, 1928. Vol 1 nn 
43-49. ' 

CXX. E. M. Crowther. The Determination of Hydros 
gen Ion Concentration/' The Chemists’ Year Book 
1928, pp. 610-629. ’ 

CXXI. B. A. Keen. '' Some Physical and Physico-Chemical 
Effects of Soil Organic Matter. " Journal of the Amerh 
can Society of A^-ronomy, 1927. VoL XIX nn 
362-368. 

CXXIl. B. A. Keen. - 7'/ic Use of the Tractor on the 
Average Farm," Essex County Farmers’ Union Year 
Book, 1928, pp. 143-148. 

CXXIII. B. A. Keen. The Place of the Tractor in Soil 
Cultivation." Proceedings of the Institution of Auto- 
mobile Engfineers, 1927. Vol. XXI., pp. 242-274. 

CXX IV. B. A. Keen. The Plough." Science Progress 
1928. pp. 641-650. 

(c) Fertilisers. 

eXXV. E. J. Rt'SSELL. " The Part Played by British 
Workers in the Application of Nitrogen to the Soil/' 
journal of the Society of Chemical Industry, 1928. 
Vol. XLVII., pp. 528-531. 

eXXVI. E. j, RrsSELL, The Economic IJmit of FertU 
Users." Farmer and Stockbreeder, 1921), \'ol. XLIII., 
pp. 279-280. 

CXXVII. E. J. Russell, “ Field Experiments at Rotham- 
sted during 1925-1926.” Parts !. and II. Journal of 
the Ministry of At^riculture, 1927. Vol. XXX I Vb, pp. 
600-612; pp. 727-733. 

CXXVII 1. E. J. Russell. ” Eighty-five Years of Fertiliser 
Experiments at Roihamsted. ” Scvcntli Potash Con- 
vention, Berlin, Jan. 3()th, 1928. 

CXXIX. E. J. Russell. ” FertilUnf ion o/ ” The 
Times ” Special Ag^ricultural NunibtT, March, 1928. 

eXXX. E. J. Russell. "Economical Manuring." East 
Devon Milk Recording; Society Handbtwk 1929, pp. 
56-67. 

CXXXI. E. J. Russell. ” Rotha msit'd Experiments on 
the Manuring of Sugar Beet." lissex County Far- 
mers' Union Y'ear Book, 1929, pp. 137-111. 

CXXXII. E. J. Russell. ” Fertilisers." Encjclopaxiia 
Britannia, 1 4th edition. 

CXXXIII. H. V, Garner. " Notes on Manures." journal 
of the Ministry of Ag^riculture, 1927. Vol. XXXIIF, 
pp. 950.953» 1064-105T, 1143-1147. Vol. A.V.V/)’., pp. 
67-73, 170-176, 656-659, 756-759. 855-858, 950-955, 
1052-1066, 114M162, 1928. Vol. XXXi., pp. 68-72, 
172 - 176 . 
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BIOLOGICAL. 

CXXXIV. W. D. Cutler, Soil Protozoa.^* Encyclo- 
psedia, Hth edition. 

CXXXV. W. B. Brierley. Science of the Year — 1927. 
Biological Sciences.'" The Annual Register, Vol, 
CLXIX., 1927., pp. 38-45. 

CXXXVI. W. B. Brierley, Science of the Year — 1928. 
Biological Sciences." The Annual Register. Vol. 
CLXX., pp. 37-41. 

CXXXVII. F. Tattersfielu and C. T. Gimingham. 
" Recent Investigations on Contact Insecticides." 
Journal of the Society of Chemical Industry, 1927 
Vol. XLVL^ pp. 368-372T. 

CXXXVIU. C. T. Glmingham and F. Tattersfield. “ A 
Report on Field Trials with 3 : 5~DinitrO'0-cresol and 
its Sodium Salt for Winter Spraying."’ Journal of 
Pomology and Horticultural Science, 1928. Vol. VII., 
pp. 146-155. 

CXXXIX. J. Henderson Smith. ’’ Recent Work on Virus 
Diseases in Plants.. " Proceedings of the Royal Society 
of Medicine, 1927. \'ol. XX., Section of Pathology, 

pp, 11-18. 

CXL. J. Henderson Smith. " Plant PiruJ Diseases." 

System of Bacteriology, 1929. V'ol. \TI. (in the Press). 
C.XLI. \V. B. Brierley. " The A|icro-F/ora of the Soil" 
Journal of the Queckett Microscopical Club, 1928, Vol. 
XVI., pp. 9-18. 

CXLIL P. I i. Gray. " Soil Bacfcria and FcrhVily."’ Scimcc 
Progress, 1929. V'ol. XXIIL, pp. 444-456. 

CXLIII. H. G. Thornton. ’’.Soil Bacteria " in "System 
of Bacteriology." Medical Research Council. (In the 
Press.) 

CXLIV. H. G. Thornton. Bacterial Activity in the Soil" 
Encyclopiedia Britannica, 1 4th edition. 

CXl.V. D. Ward C'l tler. ” Soil Protozoa and Bacteria 
in Relation to their Environment." Journal of the 
Queckett .Microscopical Club, 1927. V'ol. XV., pp. 

m-m. 

CXLVI. W. M. Davjes. " Methods, of Collecting Parasites 
of Earwigs." Bulletin of Entomological Research, 
1927. Vol. XVII.. pp. 347-360. 

CXLVI I. W. M. Davies. ” Notes on the Feeding HahiU 
of Habrosync derasa L. {Lepidoptera).** Bulletin o 
Entomological Research, 1928. V^ol. XIX., pp* 
267-270. 

CXLVTII. E. E. Edwards. On the Morphology of the 
Larva of Dorcu.s parallelo|>cdus L.’" Journal Linnea 
Society, 1929. (In the Press.) 

CXLIX. E. Handsciiis. " Die Othlogie der Colle"ihoU^<-^ 
fauna westfdlischer Hochmoore." Zeits. wiss. 

enbiologie 1927. Vol. XXIL» pp. 296-310. 
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CL. A. D. Imms. ' 
Psyche, 1927. 


Onthe Affinities of the GryllohlaitidiB 
Vol. XXXIV., pp. 36-39. 


CLI. A. D. Imms. The Biological Control of Noxious 
Weeds/' Proceedings Fourth International Entomo- 
logical Congress, 1929. (In the Press.) 


CLlI. A. D. Imms. Economic Entomology/^ ” Insects 
'' Social Insects/' "Entomology/' Encyclopaedia 
Brilannica, Uth edition. 


CLIII. A, D. Imms and D. M. T. Morland. Progress of 
Bee Investigations at Rothamsted/' Bee World 1929 
Vol. X., pp. 26-28. ' ’ 


CLIV. D. M. T. Morund. The Feeding of Bees." 
Journal of the Ministry of Agriculture, 1929, pp 945- 
950. 


CLV. D. M. T. Morland. A Recording Scale for Bee 
Hitifei."' Annals of Applied Biology, 1929. Vol 
XVL, pp. 294-298. 

CLVI. H. F. Barnes. " Gall Midges {Cecidomyidce) in- 
festing Wild Figs in the Philippine Islands." Bull. 19 , 
Hawaiian Sugar Planters’ Association Experiment 
Station, 1928, pp. 21-23. 

CLVII. H. F. Barnes. Neptunimyia Felt, a Gall Midge 
Genus new to Great Britain.’' Entomologist, 1928. 
Vol. LXL, pp. 173-175. 

CLVI 11. H, F, Barnes. '' Insects of Samoa. Cecido- 
myin^." In Insects of Samoa, Part VI., 1928, British 
Museum, pp. 103-108. 

CLIX, H. F. Barnes. " The Chrysanthemum Midge." 
Entomologist, 1928. Vol. LXL, pp. 36-38, 1 plate. 

CLX. H. F. Barnes. " Button Top of Basket IFil/ou's.” 
Journal of Ministry of .Agriculture, 1929, pp. 65-71, 
2 plates. 

CLXI. H. F. Barnes. Gall Midges on .MeudoT Foxtail 
GraJr.'’ Report of the M.ar!l>orough College Natural 
History S^x'icty, 1929. 

CLXIL J, Davidson. " The Biological and Ecological 
Aspect of Migration in Aphides." Science Progress, 
1927 : Part L, pp. 641-658; Part IL, pp. 57-69. 

CLXI II. W. B, Briercev. " /he of Riant OiV 

CttJej/* Annais of .Applied Biology, 1927. Vol. XIV., 
pp. 549-663. 


BOOKS PUBLISHED DURING 1927 Sc 1928. 

R. A. Fisher. " Statistical Methods for Research IForhers/' 
First Edition, 1925. Revised and enlarged Second 
Edition, 1928. Oliver & Boyd, Edinburgh. 15/-. 

J. Russkix and Others. " Great Britain. F.ssays on 
Regional Geography,*' 1928. Cambridge Universitv 
Bless. 21/.. 
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ROTHAMSTED CONFERENCES. 

The booklets in this series contain the Papers and Discussions 
at the conferences held from time to time at Rothamsted on 
present-day problems in crop production. The Papers are written 
[>y well-known experts and discussed by some of the best prac- 
:ical farmers. 

The Growing of Lucerne. 1/6. 

The Culture and Manuring of Fodder Crops. 1/6. 

Green Manuring. 2/- 

The Culture and Manuring of Sugar-Beet. 2/6. 

The Art and Science of Cultivation. 2/-. 

Power for Cultivation and Haulage on the Farm. 2/6. 

Malting Barley. 2/6. 

Recent Changes in SyMems of Husbandry i« England- 2/6. 

The Hertfordshire Agricultural Situation : Can it be 
Improved? 2/-. 
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METEOROLOGICAL OBSERVATIONS. 

Meteorological observations have been systematically made at 
Rothamsted for many years. The deviation of sunshine, mean air 
temperature and rainfall from their average monthly values is 
shown in Figs. I and II for the seasons 1926-27 and 1927-28 
respectively, an excess being recorded above the horizontal line 
and a deficiency below. 

The records now taken at Rothamsted are as follows 

Continuous setf-registering records oj : — 

Barometric pressure. (Negretti and Zambra barograph,) 

Radiation. (Callendar recorder.) 

Sunshine. (Campbell Stokes recorder.) 

Wind direction and velocity. {Negretti and Zambra anemo- 
biagraph.) 

Rainfall. (Negretti and Zambra hyetograph.) 

Drainage through 20 inch, 40 inch and 60 Inch gauges. 
(Negretti and Zambra special design.) 

Air temperature. (Negretti and Zambra thermograph.) 

Soil temperatures at 4 inch, 8 inch and 12 Inch depths, both 
under grass and in bare soil. (Negretti and Zambra 
recording thermometers and Cambridge Instrument Com- 
pany electrical resistance recording thermometers.) 

Records taken at stated hours each day. 

In addition to the above, the usual barometer, air and soil 
temperatures and rainfall readings are taken at 9 a.m. ; these are 
supplemented by further readings at 3 p.m, and 9 p.m. of certain 
selected factors — wet and dry bulb for relative humidity and dew- 
point, soil temperature at 4 inch and 8 inch depths. A. daily 
reading is also made of a simple atmometer, to obtain a measure 
of the amount of evaporation from a wet surface during the pre- 
ceding 24 hours. Full notes are also made of the genera! weather 
conditions. 

The detailed information obtained from these records and 
observations is employed by the Statistical Department in inter- 
preting the crop records, and is also used, together with pheno- 
logical notes and observations of crop growth, in drawing up the 
monthly statement for the purpose of the Crop-^^'eather Report 
of the Ministry of Agriculture. The continuous self-registering 
records are used by the Physical Department in their studies of 
border-line problems Meteorology and Soil Physics. 
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temper and rainfall— Season 1926-37, 
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Fig. 11. — Deviation from average monlldy values of sunshine, me.an oir 
temperature, and rainfall Season 1927*28. 
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THE FARM & CROP RESULTS 

OCTOBER, 1926, TO SEPTEMBER, 1927. 

The farm year was characterised by unusual wetness and 
great deficiency of sunshine. In the period under review there 
was 8 inches of rain above the average, and a deficiency of 119 
hours of sunshine. There was no summer; the months June to 
September inclusive gave 6.5 inches more rainfall and 142 hours 
less sunshine than usual. 

The year opened well. October was dry with night frosts 
and very favourable for the preparation of autumn seed beds. 
Work was well forward, the potatoes having been lifted in 
September. Practically all the winter corn was got in under good 
conditions during the month. 

The rain came in November and totalled 5.32 inches for the 
month, which was more than twice the average figure. Ploughing 
was stopped and the seed beds were beaten down rather badly. 
Root harvest was continued under bad conditions, the crops being 
above the average. (Swedes 19 tons per acre.) December was 
mild, bright and dry, and formed a w-elcome change for the water- 
logged cereals. The favourable conditions continued till severe 
weather and snow in the latter lialf of January stopped the 
ploughs for a week. .\1I cereals, except a piece of late November 
wheat, had wdntered well. February brought hard weather and 
several torrential falls of rain, 3.98 inches in all, and w’as an un- 
favourable month for cultivations; and it was not until the third 
week in March that more genial conditions set in. Spring wheat 
was drilled on March 9th, and a start w’as made with oats and 
barley sowing during the month. A dry April with cool winds 
followed, which caused the w'Ct furrows turned in March to dry 
out very harsh; .seed bed preparation was difficult and the land 
under cereals cropped haclly. Barley germinated unevenly, due to 
rough tilth. The drought continued in May and increased the 
diiliculties of seed bed preparation for roots, but conditions were 
excellent for spring cleaning. Winter corn and spring corn where 
sown on good tilth looked well, but barley sown on rough tilths 
bad suffered from drought and was poor. 

Mangolds were slow to germinate and had only just chitted 
by the end of the month. The drought continued till June llth, 
when a period of exceptional wetness set in, the month giving 
no less than 3.66 inches of rain, which was too late to repair the 
damage to the root crop. Mangolds failed on Barn Field and 
were replaced by swedes. Taking advantage of the first showers, 
^ugar beet was sown on June ilth, swedes on Uth. Potatoes 
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planted on May 11th did not appear through the ridges till late in 
June. July was dull, cool and rather wet. A tremendous crop of 
charlock came up with the young sugar beet and great labour 
was needed to save the plant. Haymaking was carried through 
in catchy weather. Corn was looking well, except barley sown on 
rough land. Spring sown Little Joss was particularly good, but 
later than the other cereals. August was an exceptionally bad 
harvest month : the average rainfall was exceeded by 1.69 inches, 
and in the week ending 20th there was over 2in. of rain. The 
corn crop was not badly lodged, but a few fields were cut one 
way. Clover grew tall under the barley, swedes and potatoes 
looked well, but late sown Sugar Beet was disappointing and 
seemed to make little progress. Harvest began on August 4lh 
with black winter oats, but no barley was cut during the month. 
Conditions were if anything worse in September when no less 
than 5.46 inches of rain fell. Barley was cut during the month 
and much difficulty was experienced in drying the crop owing to 
the great amount of clover in the sheaves. Spring wheat was 
cut on September 5th and carted on the 13th, yielding 16 cwt. 
per acre, an unusually favourable result. Four acres of barley 
remained uncut at the end of the month. Owing to the wet 
weather a certain amount of corn was put in the stack in rather 
damp condition. Winter wheat yielded well (22 cwt.), barlev 
gave an average crop where the seed bed had been good, but 
rough sown barley only yielded 9 cwt. Oats were a good crop, 
averaging about 22 cwt. Potatoes (7 tons) and swedes (19 tons) 
were average yields for the farm, but the disappointment of the 
season was late sown sugar beet which only yielded tons. 

OCTOBER, 1927, TO SEPTEMBER, 1928. 

I. Fartn Policy. 

The principal feature of the new farm year was the con- 
tinuation, on a considerable scale, of the policy begun in 1925 of 
laying down part of the farm to grass, 'i'he weather conditions 
given below were rather unfavourable for this. In consequence 
of this policy, an extensive programme (tf fencing had to be 
undertaken, involving the splitting of a number of the old fields. 
The aim was to have an arable core surrounded by grass, particu- 
larly where the farm lands were bounded by woods. The details 
of these developments are given in Section V below. 

When the grass programme is completed in 1929 it will leave 
five fields (viz., Pastures, (it. Knott, Fosters, Little Hoos and 
Great Harpenden) of approximately 12i acres each, run on the 
rotation — wheat, hay, wheat, winter oats, and roots — each of 
these breaks, of course, remaining open to any modification sub' 
sequently desired. In addition to the classical fields, Long Hoos 
(24 acres) has been set aside for experimental purposes and has 
been divided into six sections run on the rotation — hay, wheat or 
oats, roots, wheat or oats, roots, barley. The ordnance acreage 
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of 280 acres will then consist of: grass (123 acres), arable (87^ 
acres), classical experiments and exhaustion land (42| acres), the 
balance being accounted for by buildings, cottages, roads and 
minor enclosures. 

//. Weather. 

The new farm year opened with the land wet, but the month 
comparatively dry and warm. There was little chance, however, 
for the sodden furrows to dry out, and this made the preparation 
of an autumn seed-bed difficult and unsatisfactory. Potato lifting 
was, naturally, under these conditions, a sticky operation, as was 
the lifting of the other root crops. 

The land continued wet throughout the winter, but on Decem- 
ber 1 5th a period of sharp frost set in f22 deg. being registered 
on the I9th). This gave way to heavy rain on the 22nd, which 
was followed by heavy snow on Christmas Day, Deep drifts 
formed and the farm road was closed for ten days. Severe con- 
ditions continued in January, there being 17 deg, of frost on the 
18th. Thus work on the land was at a standstill for over a 
month, but the cap of snow saved the winter corn, 

February with bright warm weather and only a slight excess 
of rainfall (. 138in. above the 75 years’ average) brought a wel- 
come change. Drier conditions prevailed from now to the end 
of the season ; each month had less rainfall than the average, 
September being no less than 1.64in, below its average of 2.43in, 
There was a deficit of sunshine during March, .April and May, 
totalling- 89 hours, but this was more than counterbalanced by the 
excess of 171 hrs. during the remaining four months. 

These conditions made it difficult to secure a spring tilth, the 
soil drying out hard, and receiving little further rain to soften the 
clods. The soil in the autumn-sown fields had settled down very 
hard, and it was impossible to procure a tilth there for grass- 
seeds. The long dry spell, however, greatly favoured fallowing 
operations, both before sowing the roots and after removing the 
first crop of hay. During hay-time and harvest conditions were 
almost ideal. 

HI. Crops. (For dates, yields and other information see Table 
on p. 120.) 

Wheat and winter oals were sown under unfavourable con- 
ditions, with the exception of Broadbatk, where a two years' 
fallow on the top two-fifths of the field had brought the land into 
excellent condition. Wheat wintered well, except for 7 acres in 
(it, Knott, which would have been plougliod up but for pressure 
of other work ; it yielded only 2| tjrs. per ac. Grey winter oats 
in Stackyard looked rather doubtful in February, but after a good 
harrowing and manuring came on well and gave an excellent crop, 
i^lack winter oals in (it. Knott had to be ploughed up. 

The tilth for spring oats and barley was, on the whole, 
poor, and the dry spring held them back. In the barley in Long 
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Hoos there threatened to be a very heavy crop of charlock which 
was controlled by spraying. 

Harvest was conspicuous for the absence of laid grain, ex- 
cept on two or three of the most heavily manured Broadbalk 
plots. Broadbalk yielded exceptionally well, and Stackyard oats 
and Pastures wheat were both very satisfactory, but the remainder 
of the grain crop was disappointing. 

Potatoes were planted by April 21st in Gt. Harpenden. The 
land was in a dirty condition, but dry weather and frequent 
cultivation effectively cleaned it. Spraying was carried out on 
July 26th. There was little blight, but, although the seed was 
fresh from Scotland, a certain amount of Leaf Roll and Mosaic 
was observed. The year ended with conditions ideal for lifting 
the crop. 

Sugar beet and swedes were grown in the same field as the 
potatoes. Three-tractor ploughings, with other cultivation, made 
a good seed-bed, and the beet was sown on May 5th. Swedes 
were sown from May 9th, after being dunged lieavily in the 
drill. Both crops progressed steadily throughout the season and 
(lid well. 

Mangolds which were sown on May 2nd were slow in starting 
because of the poor tilth, and were not thinned until June 20th, 
but after this went forward steadily. 

The clover hay crop was good and well secured. 

fF. Stock, Etc. 

Thirty-two young cattle were bought in March and kept in 
store condition on rough grass until early summer. In 
August, 12 of them were sent to Woburn for box-feeding, the 
remainder being fattened here either inside or on the grass. 

Sheep were purchased for the basic slag grazing experiment, 
and for this purpose 110 Scottish half-bred ewe hoggs were 
obtained. At the close of tlu* experiment these sheep were re- 
tained to found a permanent ewe flock, and run with Suffolk and 
Hampshire rams. In September three score Masham lambs w(*re 
bought to fold on rape and kale. 

It was possible to increase the number of pigs this season, 
because a piggery was erected by the farm staff during the 
summer. .A start has been made with building up a herd of pure 
Wessex Saddlebacks. 

A new Dutch Barn was built alongside the old one, thereby 
doubling the area under cover, which is now almost 10,000 stp ft. 

V, Grass. 

The following two tables give the details of the grass pre- 
gramme. The new divisions of tlic fields with their fences are 
shown in the map of the farm. 
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Table I, 


in Sowing Date. NuiseCrop, Mixture. 
Acres. 


Little Knott 

H 

1 

19/5/25 Spring Oats No. 9 
7/9/28 — — 

Great Knott 

5i 

22/5/28 - 

1 


10 

25/4/28 6 acs. Wheat 

1 



4 acs. Spring 




Oats 


Fosters 

H 

17/5/28 Rape 

4 


n 

24/4/28 Wheat 

4 

West Bamfield 

12i 

28/8/28 — 

4 

Sawyers 


25/4/28 Barley 

L 6, 8, 
7, 4, 5 



26/4/28 Barley 

1 


4 

24/8/28 — 

4, 2 


4 

13/3/29 Barley 

2, 3 

^ Gf. Harpenden 

5 

24/8/28 — 

4/4/29 Barley 

4 

5 

iw Zealand 

n 

4/9/28 — 

4 

ackyard 

8 

21/4/28 Winter Oats 

3, 1,2, 
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REMARKS AMD NOTES. 

Only 2 bush per acre oats sown and tut green 
30/6^25. Wild white clover sown on bare places 
in 1926. Hayed 1926 and 1927. 

Warm dry weather after sowing killed many of tbc 
seedlings unprotected by a nurse crop, so that by 
the end of the farm ye.ar the plant was rather poor 
and gappy. 

In 4 strips starting from Fosters ; Indigenous and 
commercial strains alternately. The young plant 
suffered from drought, but picked up after the 
harvest. 

Rape fed off by sheep in September. A promising 
plant. 

Has done quite well. 

Wheat stubble ploughed, harrowed, rolled before 
the grass was sown. Not as good as Gt, Har- 
pcndeii or Sawyers, Sown rather late. 

In the order given from the central road, all look 
well and promising. Equal to that sown under 
rape. 

Alternate sections of indigenous and cororaercial 
mixture, A promising plant. 

.\fter fallow. Sown at right time. Very good. 
Nearly as good as Gt. Harpenden. 

.\fter clover hay and bastard fallow. Very pro- 
mising, best grass on the fann, 

Smvii in autumn on wheat stubble, which was 
ploughed, harrowed, and rolled before sowing, 
Sown too late, ^’ery poor. Reseeded in spring. 
1929. 

4 In the order stated, strips parallel to Broadbalk 
drain, Seemed to be a complete failure at barr’est, 
but soon began to fill up in a surprising manner 
after oats rvere carted. 

All grass seeds were broadcast, 


Table II.— DETAILS OF GRASS SFFD MIXTURES. 


Grass. 


1 

Italian Ryegrass 

Perennial Ryegrass (Evergreen 

Indigenous) 

Cocksfoot (Late Fig. Indigenous) H 
Timothy (Late Fig, Indigenous) '2 

Tall Fescue * 

Meadow Fescue - 

Meadow Foxtail (Cotswold) ... 
Rough Stalked Meadow Grass... 
Early Flowering Red Clover ... 

Late Flowering Red Clover 

(Montgomery) 

Alsike Clover 

Wild White Clover (Kentish) ... 

Trefoil 

Chicory 

Rape 


Number of Mixture, 

2 3 4 5 6 7 

4 4 

1) 10 16 30 

7 8 10 10 10 6 

2 2 4 


9 10 
4 


5 10* 14 


10 


2 

2 

1 1 


10 

3 


1 


4 


3 3 4 

I 

1 1 1 1 1 1 I ^ 


30 31 27 35i 41 34 36 32 


4 

I 1 

4 

29 20 


lndi««>w» >tr*4M only used ex«pt whfw otherwise indicated in Table 1. 

• 5 being comffjefciftl. 
t Inah*<lfl of wood onlv 
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WOBURN EXPERIMENTAL FARM 

REPORTS FOR 1926-7 AND 1927-8, 

By Dr. J. a. Voelcker, C.I.E., M.A. 

SEASON 1926-7. 

This season was the third unfavourable one in succession. 
A wet November delayed the early growth of wheat, and all crops 
were affected by the absence of sunshine and warmth after May, 
and by the wet August and September; ripening of cereal crops 
was unsatisfactory and harvest was badly delayed. The first cut of 
hay was poor, while the second cut was ruined by the wet. Sowing 
of the root crops was ruined by weather, and the yields were 
below average. 


SEASON 1927-8. 

This season was distinctly better. Autumn operations were 
concluded without difficulty, and wheat came up well. After 
Christmas, cold and dull weather persisted until May, and sowing 
o/ spring crops was delayed. However, the warmer weather of 
tlie next two months was a great help to all crops, except potatoes 
which suffered through drought, and grass that had suffered from 
the earlier dull weather. Harvesting was carried through without 
difficulty. 

RAINFALL. 



Inches. 

No. of days 
(XI which 
ninfeU. 

1927-8. 

laches. 

No. of days 

Oft which 
rainfeU. 

October 

2.22 

9 

1.20 

17 

November 

3.39 

20 

2.17 

18 

December 

0.40 

3 

2.62 

14 

January 

2.15 

13 

3.69 

24 

February 

2.87 

13 

1.46 

12 

March 

2.09 

19 

1.66 

18 

April 

1.36 

10 

1.11 

16 

May 

0.70 

9 

1.43 

14 

Jane i 

3.27 

18 

2.39 

17 

July i 

1.79 

11 

2.66 

10 

Au^st 

3.19 

20 

2.77 

20 

September 

4.37 

17 

! 0.70 

10 

1 

27.79 

162 

i 

1 ' j 

1 23.67 

i ! 

190 
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FIELD EXPERIMENTS. 


1 ^CONTINUOUS GROWING OF WHEAT AND BARLEY 
(STACKYARD FIELD). 

As stated in the Report for 1926-26, it was decided to fallow 
these plots, which had become infested with weeds. Intensive 
cleaning operations have been in progress in the past two seasons, 
including hand-digging to remove twitch and bind weed. The 
dominant weed^-K:oltsfoot and mayweed on the wheat plots, 
^vourrev on the barley plots-were attacked by repeated ploughing 
and harrowing, but the wet season of 1926-27 enabled many of 
them to root afresh after the operations. Better progress was 
made in 1927-28, especially on the Wheat plots, and at the end of 
the season all the plots were clean. Wheat and barley will there- 
fore be sown for the 1928-29 season, but no manures will be given, 
so that the effect of two years fallowing, coupled with the withhold- 
Vifi- of manures for three years, may be ascertained. 

The average yields for the fifty years during which the experi- 
ments ran before the fallowing operations, are given m Tables 
I and IL 

2 —ROTATION EXPERIMENTS. 

The Unexhausted Value of Cake and Corn (Stackyard Field) 


(a) Series C. 1927 .-BARLEY. 

The details of the preparation of the land for barley by folding 
the previous root-crop with sheep were as follows 

Corn-jed plot. . 

Swedes, 13 t. 18 cwt. per acre, plus oats equivalent to 

14.27 Ib. nitrogen per acre. 


Cake’fed Plot. , 

Swedes, 1.1 t. per acre, plus linseed and cotton cake 
equivalent to 37,7 Ib. nitrogen per acre. . ^ ^ 

Barley was sown three weeks after feeding was finis e 


yields were : — 

Barley 

after Swedes, 

Produce 

per Acre. 


1 

riot, j 

i 


He*<l C«2i. 

- r 

BusbeU. , 

Bushel. 

Tail 

Com 

Weight, 

straw, 

Ouff.etc, 

1 

2 

i 

i Corn-fed 
! Cake-fed 

16, S 

! ... 18.1 

lb. 

42.5 

44.0 

lb. 

39.5 
49.0 ; 

cwt. 

11.2 

12,6 


In spite of the increased amounts of ^l^^traw't^no 

yield on the cake-fed plot "’ 3 " * Series D in 1926, when 

greater than on the corresponding ,j,„v 

no cake or corn was given (Report 1926-26, p. 103). 



Table I. 

CONTINUOUS GROWING OF WHEAT. Stackyard Field, 1877-1926 
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Table II. 

CONTINUOUS GROWING OF BARLEY. Stackyard Field, 1877-1926 
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: Sul|,>hitte 
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1928.— CLOVER, 

Red clover was sown in the barley crop of 1927, and gave a 
good plant. In the middle of March it became patchy and the 
parasitic eelworm Tylenchus dipsaci was found to be present. 
Although the crop improved later, it was patchy at harvest, and 
no reliance can be placed on the difference recorded on the two 
plots : — 

Produce per acre of Red Clover, 
cwt. 


1. (Cake plot) 33.4 

2. (Corn plot) 69.6 


The aftermath, although regular, was of small amount, and, 
owing to the lateness of the season, it was ploughed in. 

(b) Series D. 

1927.— CLOVERS. 

Mixed clovers were sown in the barley crop of 1926 : red 
clover 7 lb., alsike 3 lb., trefoil 3 lb. per acre. Owing to the sea- 
son the crop was cut late. The actual yields of hay per acre 
were : — 

Corn-fed plot, 60.7 cwt. ; cake-fed plot, 42,5 cwt. 

The cake-fed plot was damaged by rabbits and its yield was 
appreciably reduced. 

Owing to the late season no second cut was taken. 


1928.— WHEAT. 


“ Little Joss ” wheat made satisfactory early growth, hut 
began to look yellow in May. With warmer weather it recovered 
somewhat. The yields were as follows : — 


Wheat after Clovers, Produce per Acre. 


Head Cam. 


Plot. 


Bushels. 

Weight 

per 

BmheL 

Tail 

Com 

W'eigbt. 

Straw, 
Chaff, etc. 




lb. 

lb. 

cwt. 

1 

Corn-fed 

17.6 

69.7 

j 116 

16 2 

2 

Cake-fed 

18.6 i 

60.4 

139 

17.2 


It should be noted that the swedes failed in 1925 and 1921; 
hence there has been no corn or cake-feeding on these plots 
since 1916. 


T—CREEX MWCRINC EXPERIMENTS. 

(a) Stackyard Field. Series A. 

Upper Half. 

1927.— WHEAT. 

Following the green crops of 1926, “ Little Joss wheal 
was sown, and up to April l<x)ked very well. Then the usual signs 
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of failure began to appear, and a considerable growth of poppies 
was also noted. The yields were very poor, as has been the case 
lor years past : — 


Wheat after Green Crops, Produce per Acre. 




Head Corn. 



Plot. 


Bushels. 

Weight 

per 

Bushel, 

Tail 

Com 

W’eight, 

Straw, 
Chaff, etc. 

1 

2 i 

After Tares fed off ... 

1 After Tares fed off, 

4.9 

lb. 

58.6 

lb. 

24 

cwt. 

11.4 

3 

4 

limed 1923 

i After Mustard fed off 
! After Mustard fed off, 

2.4 

6,8 

58,5 

58.0 

18 

1 24 

10.7 

9.2 


i limed 1923 

2.0 

58.0 

i 14 

6.9 


The application of lime has again produced no improvement ; 
if anything the reverse. The problem of accounting for these 
poor yields of wheat from a plant that always looks exceedingly 
promising in its early stapes, and which follows an excellent 
growth of tares or mustard, is one that still defies solution. 


1928. —GREEN CROPS FED OFF RV SHEEP. 

After the wheat harvest, tares and mustard were sown as 
usual, and mineral manures {super 3 cwt. sulphate of potash 1 
cwt.) were applied to both plots. A good crop of each resulted, 
which was fed off by sheep that also received 3 cwt. of linseed and 
cotton cake per «acrc. The land has been ploughed and sowm to 
wheat. 


Lo'U'Cr Half. 

I027,-r.RER.V CROPS FED OFF RV SHEEP. 

Tares and wheat were sown, mineral manures (super. 3 cwt., 
sulpliate of potash 1 cwt.) being also applied. Excellent crops 
were obtained. These were fw! off with sheep that also consumed 
3 cwt. of linseed and cotton cake per acre. 


1928.-WHEAT. 

During the preparation of the land after the green-crops a 
good deal of twitch was removed. The wheat came up well and, 
up to February, was in excellent condition. After this it began 
to fall off as usual. By July the appearance was very poor, and 
but low yields were obtained : — 


no 


Wheat after Green Crops, Produce per Acre. 


Plot 


Head Com. 

Tail 

Corn 

Weight. 

Straw, 
Chaff, etc. 

Bushels. 1 

Weight 

per 

Bushel. 




lb. 

lb. 

cwt. 

1 

After Tares fed off ... 

7.1 j 

1 58,7 

41 1 

1 9.1 

la 

After Tares fed off. 




i 


limed 1924 

7.4 ' 

58.7 

51 

! 9.8 

2 

After Mustard fed off 

7,9 

58.9 

32 

9.7 

2a 

After Mustard fed off. 



; j 



limed 1924 

3.7 

60.0 

24.5 I 

5.5. 


These results urgently call for enquiry. The low yields follow 
the application of mineral manures in the previous season, when 
an excellent green crop was obtained, and the land was further 
eni^iched by the 3 cwt, per acre of cake received by the sheep 
folded on the tares and mustard. A further point at present 
inexplicable is the depressing effect of lime on the wheat grown 
on the mustard plot, 

(b) Lansome Field. 

in27.-^\VHEAT. 

Little Joss wheat followed the green crops of 1926 that had 
been ploughed in. At first the plant looked weaker on the mustard 
plots, but improved later. In the early months of 1927 difference 
was observed between the old plots begun in 1802 and the new 
series commenced in 1922, the former being much the worse. By 
June the growth of mayweed on the old plots was so great that, to 
prevent it from seeding, it v.'as decided to cut this area at once, 
and to plough the land. Mayweed was less serious on the new 
plots, and was pulled out by hand, but, even on this area, the 
yields were almost too small to record ; in all cases they were less 
than 1 bushel per acre : — 


Wheat after Greeh-Crops Ploughed in, Produce per Acre. 



1 

i Plot. 

Com. 


Straw, Chaff, etc. 

Old 

/ 1. After Mustard ploughed in \ 

plots 

harvtsted green ; no 

Plots 

\ 2 . After Tares ploughed in / 



yields taken 



lb. 1 


cwt. 

New 

Plots 

r 3. After Mustard ploughed in 

8 ! 


2.4 

< 4. After Tares plought^ in ... 

24 


2.6 

1^5. Control (no green-crop) ... 

20 


4.4 


1928.--GREEN CROPS. 

Mustard and tares were drilled and mineral manures (super. 
3 cwt. and sulphate of potash 1 cwt. pt^r acre) applied. A fair 
crop was obtained and the mayweed seemed somewhat reduced. 
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The crop was ploughed under in mid>July and a second crop 
sown. These did not attain much size up to the time they were 
ploughed under in preparation for the succeeding wheat crop. 
Mayweed was still very noticeable, especially on the old plots. 

4.— THE RELATIVE VALUES OF LIME AND CHALK FOR 
LIMING PURPOSES. STACKYARD FIELD. SERIES B. 
1927.— OATS. 

In the preceding year seeds were grown on one half of the 
area and lucerne on the other half (Report 1925-2fi pp. 109-110). 
The whole area was ploughed in the winter and oats were sown. 
A good growth was secured, that on the seeds area being the 
better. The figures in the following table refer to this area only : — 


Lime and Chalk Experiment — Stackyard Field-Series B. 
Oats, 1927, Produce per Acre. 


Plot. 

1 

AppUcadoos pfr acre in 1919. 

Head 

Com 

Bushels.* 

Tail 

I Cora 

j Weight. 

straw, 
Chafl. etc. 




lb. 

cwt. 

1 

No Chalk 

25.4 

’ 132 

13.1 

2 

Chalk=10 cwt. lime 

33.9 

114 

17.1 

3 

Chalk— 1 ton lime 

33.4 

156 

15.8 

4 

Chalk =s= 2 tons lime 

37.2 

192 

19.0 

5 

Chalks 3 tons lime 

35.6 

180 

16.3 

e 

Chalk = 4 tons lime 

32,1 

156 

16,8 

7 

No Lime ... 

31.6 

216 

17.9 

8 

Lime 10 cwt 

28,3 

222 

> 16.8 

9 

Lime 1 ton 

29.4 

228 

16.6 

10 

; Lime 2 tons 

34.6 

252 

18.9 

ll 

I Lime 3 tons 

j 27,0 

180 

16.4 

12 

' Lime 4 tons 

‘ 33.2 

) 

104 

18.8 


• Weight pet bushel Uken on whole produce S3 lb. 

Subject to the restriction that the duplicate control plots (Nos. 

1 and 7) differ in yield, it appears that, on the average, the chalk 
series gave 1 cwt. more corn, but less straw, than the lime series. 
Hence, over the duration of this experiment there has been little 
to choose between lime and the equivalent quantity of chalk , 
further, no additional benefit has been obtained from dressings 
of lime (or its equivalent in chalk) exceeding 2 tons per acre. 

This experiment has now been discontinued. 

5. MANURING ;\ND LIMING OF GR.VSS LAND- 
BROAD MEAD. 

Since 1901 manurial experiments on grass land have been 
conducted in Broad Mead. As a rule the land has been alterna- 
tively grazed and hayed. Since 1925 the field has been graze 
each year. In addition to these manurial experiments there were 
two other series of experiments in this field, the one being on 
different varieties of lime (Buxton, chalk, magnesian, has, and 



112 


oolite limes), the other on different forms of lime (lump lime, 
ground lime, ground limestone, ground chalk). These series re- 
ceived nothing except the lime and the droppings of the grazing 
animals. 

Owing to a re-arrangement of the programme of work, it has 
been decided to give up the two last sets of experiments (on 
liming) and lo retain only the original manurial series of 1901, 
less one unimportant plot. 

It is appropriate, therefore, to summarise the results of the 
two sets of experiments on liming which are now to be discon- 
tinued. These have shown that the use of lime of any kind or 
form has been beneficial, although^ as shown in the manurial 
experiment {sec (c) below), the addition of fertilisers produces a 
further improvement. 

(a) Varieties of Lime. 

The experiment began in 1910; three applications at 2 tons 
per acre were given during the period 1910-192<S. All the differ- 
ent varieties of lime have improved the pasture, in the order- 
chalk, Buxton, lias and oolite, magnesium, — 'I'he unmanured plot 
remained rough and unattractive lo stock; on the limed plots the 
effect appeared to be an improvement in cjuality of herbage rather 
than a change in botanical composition. 

(b) Forms of Lime. 

This series began in December, 1924. A single application 
was given at tho following rates : — I.ump lime, ground lime, 
tons per acre; ground IlmesLone, and ground chalk, 4 tons per 
acre. Up to the time of discontinuing the experiment, benefit had 
been obtained only from the two first materials. 

(c) Manurial Experiment. 

As stated above, this experiment is being continued as a 
demonstration of the advantage f)f lime with mineral manures 
on grass land. Lime at 2 tons per acre has been applied to one 
plot six times in the full period of 1901-1928. Id tile effect was seen 
until 1910, when 'A cwl. of super and I cwt. of sulphate of potasli 
were put on, similar dressing's l)eing'’ given also in 1913 and 
1920. This ph)t, although giving a small hay yield, is now murli 
the best for grazing. Xexl in order are the two plots leceiving 
basic slag and super, with the addition of sulphate of potash in 
each case. As would be expected, the proportion of clover m 
the herbage has increased. The biggest hay yield comes from 
the farmyard manure plot, although its quality is inferior. Hnally, 
the unmanured plot remains rough and neglected by stock, and 
provides an excellent contrast to the other plots, 
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REPLICATED EXPERIMENTS. 

Below is griven a list of the replicated experiments done at 
Woburn during 1927 and 1928, together with the page numbers 
on which the tables of results will be found. One experiment of 
1926 which did not appear in the last Report is included. 


Year. 

Crop. 

Nature of Experiment. 

Resutls. 

1926 

Potatoes 

Nitrogenous Fertilisers ; Sulphate of 
Ammonia and Cyanamide, each in 
Single and Double Dressings 

See p. 155 

1927 

Potatoes 

Effect of Superphosphate 

See p. 156 

1927 

Potatoes 

Nitrogenous Fertilisers; Sulphate of 
Ammonia, Urea and Cyanamide, 
each in Single and Double Dress- 
ings 

See p. 1 57 

1927 

Sugar Beet ... 

(fl) Comparison of Nitrogenous 
Fertilisers ; Sulphate and Aliiriate 
of Ammonia and Cyanamide : (&) 




Preparation of Seed Bed 

See p. 160 

1928 

Barley 

Effect of Fertilisers on yield and 
quality 

See p. 154 

1928 

Potatoes 

( 

Nitrogenous Fertilisers : Sulphate of 
Ammonia and Cyanamide, each 
with and without Nitrate of Soda 
Nitrophoska and Compound “ B 

; See p. 158 

1928 

Potatoes 

Effect of Superphosphate 

See p. 156 

1928 

1927 'I 

; Sugar Beet . 

i 

i 

Nitrogenous Fertilisers : Sulphate of 
ammonia and Muriate of ammonia, 
each applied with seed, Nitrochalk 

as top-dressing 

Potassic Fertili.se rs ; Muriate of Pot- 
ash, Potash Manure Salts 

Nitrophoska 

Seep. 162 

and > 
1928 ) 

Lucerne 

Effect of Inoculation 

See p. 164 


OTHER EXPERIMENTS. 


A number of smaller experiments w'ere also undertaken, as 
follows : — 


Year. ! Crop. 

Nature of Expoimf'nt. 

Rpsdts. 

1926 ! Mangolds 

. Effect of Ammoni .1 Salts and Potash 

See p. 164 

1926 i Potatoes 

Effect of Ammonia Salts and Potash 

See p. 164 

1927 1 Mangolds 

! 

. ; Top-tlressing Experiment : Sulphate 
of Ammonia, Nitrate of Soda, 
Common Salt 

See p. 164 


WOBURN EXPERIMENTAL STATION 

DATES OF SOWING AND HARVESTING, AND YIELD PER ACRE, 1927 
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WOBURN KXPERIMENTAL STATION 
DATES OF SOWING AND HARVESTING, AND YIELD PER ACRE. 1928 
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THE USE OF THE SUMMARY TABLES, 

The summaries of the significant results from the replicated 
experiments, whether these are stated as produce per acre or as 
a percentage of the average yield, are accompanied by estimates 
of the standard errors to which these results are liable. The 
agricultural precautions which have to be taken in order that 
these shall be certainly valid were explained in the Report for 
1925-26. An explanation of their purpose is desirable here in 
order that a full use of the summaries may be made by those 
who do not wish to make for themselves a detailed examination 
of the yields recorded for individual plots. 

An experimental yield w'ill differ from its true value either 
in excess or deficit by an amount exceeding its standard error 
almost as frequently as once in 3 trials; it will, however, be 
wrong by more than twice its standard error only about once in 
22 trials, and by more than three or four times its standard error 
once in 370 or 15,780 trials respectively. The odds against an 
error of any size having occurred thus increase very rapidly in a 
small range of multiples of the standard error. Whereas experi- 
mental differences of less than twice their standard error might 
always be ascribed to chance, and are, therefore, for safety, ig- 
nored as “ insignificant, differences only slightly greater thnn 
these cannot reasonably be disregarded, but must be ascribed to 
genuine manurial or cultural effects, such as the experiment was 
designed to examine. 

The rejection of the insignificant differences is thus a neces- 
sary preliminary, hut only a preliminary, to the interpretation of 
the experimental results. So far as has been practicable all signifi- 
cant results are noted, and exhibited in the summaries of signifi- 
cant results. In the more successful and extensive experiments the 
standard error has been reduced to so low a figure, sometimes 
considerably less than 2 per cent., that quite small differences in 
yields can be detected, whereas with a standard error of 5 per 
cent., all but big and obvious differences in yield must be ignored. 
The change in precision from standard errors of 6 per cent., to 
standard errors of 2 per cent., or less, thus represents a very 
large extension in the range of agricultural effects which can be 
examined experimentally. 

Once an effect is shown to be definitely significant it makes 
little difference whether the odds against it being due to cliamc 
are 100 to 1 or 1,000,000 to 1. Chance is effectively excluded in 
both cases, and the interest in the result is now concentrated on 
the actual gain in crop, either in yield per acre, or in yickl |>^’^ 
cent., which the experiment has demonstrated. The relation of 
this gain to any additional item of expense incurred, such as the 
cost of a manurial application, then determines the balance of 
advantage in practical procedure. Read in this way the summary 
tables give the direct results of critical experimentation. 
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DATES OF SOWING AND HARVESTING (HARVEST 1928). 
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In the case of roots, the dates given are those on which lifting began and finished. f Estimated yields. 
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CROP YIELDS ON THE EXPERIMENTAL PLOTS. 

lioTES, — In each case the year refers to the harvest, e.g., Wheat 1928 means wheat harvested in 
1928- In the tables, total straw includes straw, cavings and chaff. These were weighed 
separately prior to 1928. In 1928 the figure given as total straw was arrived at as the 
difiference : total sheaf weight — weight of grain. 

CONVERSION TABLE. 


I acre 

1 bushel (Imperial) = 

1 lb.(pound avoirdupois)—; 
1 cwt, (hundredweight, 

1121b.) =; 

1 ton (20 cwt. or 2240 lb. )= i 
1 metric quintal or 
Doppel Zentner(dz) = 
1 bushel per acre ... = 

lib. per acre ... == 

1 cwt. per acre ~ 

I ton per acre = 


0.405 Hectare 0.963 Feddan. 

0.364 Hectolitre (36,364 litres) ... 0.184 Ardeb. 
0.453 Kilogramme 1.009 Rotls. 


50.8 Kilogrammes 
1016 Kilogrammes 
100.0 Kilogrammes, 
220.46 lbs. 




113.0 Rotls. 
1.366 Maunds. 


0.9 Hectolitre per Hectare ... 0.191 Aideb per Feddan 
1.12 Kilogramme per Hectare ... 1 .049 Rotls per Feddan 

1 .256 metric Quintals per Hectare 1 17 .4 Rotls per Feddan 

25,12 metric Quintals per Hectare 
(dz/ha). 


In America tbe Winchester bushel is us«I=*3o.236 Utres, 1 English busbel= 1.032 American bushels. 


CONVERSION TABLE.— CWTS. TO BUSHELS. 


CROP. 


Wheat (60 lb.) bushels 1.87 
Barley (621b.) 2.15 

Oats (421b.) .. 2.67 


Cwts. 

2 3 4 b 10 


3,73 5.60 7.47 9.33 18.67 

4.31 I 6.46 8.62 10,77 21.54 

i 6.33 8.00 10.67 13.33 26.67 


15' 20 25 . SO 


28.00 37.33 46.67 56,00 
32.31 43.08 53.85 ^ 64.62 

40.00 53.33 : 66.67 I 80,00 


The yields of Grain in the 1925-26 Report were given for the Replicated Experiments in 
standard bushels of 60, 62 and 42 lb, respectively. 


Average Wheat Yield of Various Countries. 


Country. 


Great Britain ... 
England ... 
Hertfordshire 
France 
Germany 
Belgium 


Mean vieid per 
acre, i91»-‘27. 
Cwts. 

17.4 

17.3 

16.3 

10.5 
14.1 
20.0 


Country. 


■ Mean yield per 
acre, 1919-27. 
Cwts. 


Denmark 
Argentine 
Australia 
Canada 
United States 
U.R.S.S. (Europe and Asia)* 


22.5 


8.6 

7.5 

5.7 


N«n.-Fig„w forCre.. BriUi„, Ewlwd a«<i S 

SuitisUc* ” Vol 62. Other figuKS from ” IntemaUonal 1 m Book of AgncUturai auusuc , 

• 1024-27. 


Agricultural 
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METEOROLOGICAL RECORDS, 1927 and 1928. 



Rain. 

No, of 
Total Rainy 

Fall Days. 

inVnth (0.01 inch 
Acre or more) 
Gauge. 

Acre 

Gauge. 

Drainage through soil. 

20 ins. 40 ins. 60 ins. 
deep. deep, | deep. 

Bright 

Sun- 

shine. 

Max 

Temperature {Mean 

j - ■ 

1 ' 

i ' C : 

in 

Min.' ^ Solar 
a Max. 

. 

Graa 

Min. 

1927. 

Inches. 

No. 

Inches. 

Inches. 

Inches. 

Hours. 


°F. 

®F. 


"F. 

Jaa. ... 

2.408 

18 

1.865 

1.995 

1.842 

62.9 

43.9 

; 33.5 

38.3 

723 

29,4 

Feb. ... 

3,982 

15 

3.435 

3.630 

3.496 

46.0 

43.1 

33 1 

37.8 

73.9 

29.8 

Mar. 

2,384 

18 

0.960 

1.113 

1.038 

124.9 

50.5 

38.8 

42.6 

101.1 

33,2 

.\pril ... 

1.855 

12 

1.205 

1.588 

1.484 

165.6 

53.0 

38.6 

46.0 

1U.9 

33.3 

May ... 

1.187 

11 

0.000 

0.019 

0.019 

226.4 

61.6 

42.9 

52.7 

121 5 

37.6 

i June 

3.564 

19 

0.745 

0.739 

0.723 

183.7 ; 

62.5 

46.8 

56.3 

127.8 

42.1 

i July ... 

3.112 

20 

1.651 

2.073 

1.889 

130.4 

65.4 

63.6 

59.4 

121.8 

49,5 

Aug. ... 

4.348 

19 

1.852 

2.100 

1.967 

178.4 

66.8 

53.2 

60.4 

129.6 

48,2 

Sept. 

5.451 

17 

3.704 

3.899 

3.823 

111.3 

59.7 

48.1 

56.2 

111.6 

43.8 

Oct. 

2.197 

17 

1.268 

1.413 

1.342 

97.6 

56.4 

44.0 

50.6 

97.4 

38.7 

Nov. 

3.008 

18 

2.338 

2.682 

2.366 

i 54.0 

46.4 

36.5 

44.7 

72 1 

33.2 

Dec. 

3.013 

12 

2.464 

2.853 

2.761 

; 31.6 

: 37.0 

30.6 

38.0 

51,2 

28.8 i 

Total or 
Mean ... 

36.509 

196 

21.487 

24.104 

22.750 

1413,2 

53.9 

41.6 

48.6 

99.6 

1 

37.3 i 

1928. 

Jan. 

4.109 

21 

4.413 

5.662 

4.571 

64.9 

45.9 

33.3 

37.6 

73.1 ' 

29,2 

Feb. ... 

2.075 

10 

1.447 

1.832 

1.710 

100.2 

48.0 

35.0 

39.5 

88.2 

29.7 

Mar. ... 

2,404 

17 

1.093 

1.318 

1.283 

92.8 

48.1 

36.1 

41,3 

94.0 

31,7 

April . . . 

0,905 

13 

0.351 

0.646 

0.589 

127.3 

62 9 

38 1 

45.1 

103.3* 32.7 

May 

1,448 

12 

0.066 

0 170 

0.136 ; 

169.8 

69 2 

42 2 

50 9 

112.8 

37.3 

June ... 

2.204 

14 

0.160 

0.279 

0.246 ; 

230.0 

63,6 

47.3 

56,8 

124.0. 

42.6 

July ... 

2.511 

6 

0457 

0,439 

0.434 : 

276.3 

71.9 

, 62.9 

62,9 

129.8' 

47.3 

Aug. ... 

2,216 

12 

0.496 

0.734 

0.672 

193.0 

66,5 

52.1 

60,3 

121,9 

47.7 

Sept. ... 

0.785 

4 

0.000 

0.039 

0.017 

212.0 

63.7 

46.3 

56.2 

116.1 

38.8 

Oct. 

3.867 

19 

2.287 

2.458 

2.284 

126.6 

66.4 

43.1 

49.8 

98 2 

38.0 

Nov. 

3.161 

16 

2.217 

2.647 

2.447 

72.1 : 

60.4 ; 39.7 

45.2 

804 

36.3 

Dec. ... 

2.773 

17 

2.045 

2.485 

2.341 

48.9 ^ 

41.7 

32.1 

38.5 

61.7 

284 

Total or ! ^ 

Mean 

28,458 

161 

15.032 

18.709 

16.730 

1713.8 

55.7 

41.6 

48.7 

100.3 



* Mean of 21 observations only, 
t Mean of 20 obscrv'atJona only. 
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RAIN AND DRAINAGE. 

MONTHLY MEAN FOR 58 HARVEST YEARS, 1870-1-1927-8. 




Drainage. 


Drainage % of 
Rainfall. 

Evaporation. 



20-m. ; 40-in. ; 60-in. 
Gauge. IGauge. Gauge. 

20-in. 40-in. 60-in. ') 20-ln. | 40-ia. ; 60-in. ; 
Gauge, Gauge. Gauge. ■ Gauge, ’|Gauge. '.Gauge. 


Ins. 

Ins, 

Ins. ' 

Ins, 

% 


% 

5 Ins. ! Ins. ^ Ins. 

September 

2.426 

0.832 

0.805 

0.742 

34.3 

33.2 

30,6 

1.594 '* 1.621 1.684 

October ... 

1 3 135 

1.808 

1.772 

1.647 

57.7 

56.5 

52.5 

1.327 i 1.363 ■ 1.488 

November 

i 2.774 

2.102 

2.149 

2.024 

! 75.8 

77,5 

73.0 

0.672 ; 0.625 0.750 

December 

! 2.819 

2,403 

2,496 

2,383 

: 85.2 

88.5 

84.5 

0.416 1 0.323 0.436 

January 

j! 2.419 ' 

1.984 

2.182 

2.083 

i 82.0 

90,2 

86.1 

. 0.436 i 0.237 0.336 

\ February 

l! 2.073 

1.547 

1.656 

1.581 

: 74.6 

79,9 

76,3 

; 0.526 0.417 0.492 : 

! March ■ . . 

^ 2.040 

1.088 

1.221 

1.154 

i 53.3 

59,9 

56.6 

: 0,952 ' 0.819 0,886 

April 

1' 2.030 

0.664 

0.743 

0.708 

: 32.7 

36,6 

34.9 

: 1.366 ■ 1.287 1.322 

1 May 

. 2.029 

0.469 

0.534 

0.501 

: 23.1 

26.3 

24.7 

: 1.560 1 1.495 1.528 

1 June 

j July 

1 August . . . 

1' 2.267 

0.557 

0,586 

0.564 

; 24.6 

25,8 

24.9 

1.710 1.681 1,703 

1 2,748 

0.737 

0.766 

0.712 

26.8 

27.9 

25.9 

2.011 1.982 2.036 

; 2,683 

0.715 

: 0,728 

0,683 

' 26.6 

:1 

27.1 

25.5 

; 1,968 ; 1,955 2.000 

1 — — 

1 Year 

'29.443 

14.906 

15.638 :14.782 ■ 50.6 

Area u[ each th 

53.1 

acre. 

50,2 

14.557 ,13.805 14.861 

t 


CHEMICAL ANALYSES OF FERTILISERS USED IN 
REPLICATED EXPERIMENTS, 1927-8. 


Sulphate of Ammonia 
Muriate of Ammonia 

Nitrate of Soda 

Urea 

Cyanamide 

Nitrochalk 

Ammonium Vhosplule 

Superphosphate 

Potassium Phosphate 
(K,HPOd ... ... 

Sulphate of Potash 

Muriate of Potash 

Potash Manure Salts (30%) 

Nitropboska 

Compound Fertiliser " B " . ■ . 


%N 


20.67-t!1.20 

2.^.54-‘J6,08 

15.37 

46.48 

10 . 311 - 10 ,":) 

10.00 

12.15 


i 10.3 as NH*: 5.3 as NO, 
1 10.Q9 


‘q water-sol. P,0, 


61.6 

16.7916.94 


40,80 


12,86 

9.90 


% K,0 


54.03 

49.4849. 68 
51, 00-51.83 
32.60 
25.9 
18.25 
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First Series : Classical Experiments of 
Lawes and Gilbert. 

CROPS GROWN IN ROTATION. 
AGDELL FIELD. 

PRODUCE PER ACRE. 


i 


i 

0 

i 

M. 

.1 

c. 

t 




Unmanured since i 

Mineral Manure. 

Complete Mineral & 




1848. 

No Nitrogen. 

Nitro^nous Manure. 

Year. 

CROP. 


5. 

6. 

3. 

4. 

1. 1 

2. 





Clover 


Clover 


Clover 




Fallow. 

or 

Fallow. 

or 

Fallow. ; 

or 





Beans. 



Beans. 

' 

Beans. 


Average of First Twenty Courses, 1848-1927. 




Roots (Swedes) 
Barley — 

cwt.* 

32.7 

11.2 

175.7 

195.9 

355.3 

302.1 


Dressed Grain 

bush. 

22.2 

20.2 

23.1 

27.4 

31.1 

35.4 


Total Straw 1 
Beans — 

cwt. 

13.6 

13.4 

13.7 

16.7 

; 18.8 

21.8 1 


Dressed Grain 

bush. 

— 

13.1 

— 

18.2 

1 

y 

22.3 i 


Total Straw 

cwt. , 

— 

9.2 

— 

13.2 


16.3 


Clover Hay 
Wheat — 

cwt. ! 


27.1 

— 

62.3 

— 

52.6 i 


Dressed Grain 

bush. 

24.0 

22.3 

28.1 

30.6 

28.9 

30.4 


Total Straw! 

cwt. 

23.4 

21.6 

28.6 

29.8 

30.8 

29.8 1 



Twentieth Course, 1924-27. 




1924 

Roots (Turnips) 

cwt. 

2.9 

0.7 

42.8 

31.6 

127.4 

104.7 

1925 

Bariev — 









Dressed Grain 

bush, 

10.86 

7.36 

10.09 

16.70 

10.35 

8.60 


Offal Grain 

lb. 

42.0 

49.0 

94.0 

38.0 

63.0 

59.0 


Straw 

lb. 

633,0 

678.0 

602.0 

866.0 

626.0 

541.0 


Total Straw! 

cwt. 

7,2 

7.6 

7.4 

9.3 

7.0 

6.5 


Wt. of Dressed \ 

Grain per bushel / 

52.7 

51.6 

52.5 

53.6 

63.3 

64,3 


Proportion ol TotaH 






724 


Grain to 100 of > 

76.3 

50.7 

76.6 

89.2 

77.0 


Total Straw 1 







1926 

Clover Hay 

cwt. 

— 

14.2 

— 

32.2 


26.3 

1927 

Wheat— 









Dressed Grain 

bush. 

20.15 

12.86 

19.07 

19.01 

16.28 

15.77 


Offal Grain 

lb. 

57.0 

66.0 

73.0 

72,0 

47.0 

53.0 


Straw 

lb. 

1859.0 

1840.0 

2111.0 

1932.0 

1878.0 

1693,0 


Total Straw! 

cwt. 

18.6 

19.6 

21.8 

20.6 

19.1 

17.4 

1 

Wt. of Dressed 
Grain per bush. 


60.1 

61.2 

69.6 

60.6 

69.6 

59,8 


Proportion of Total] 





47.6 

51.2 


Grain to 100 of > 

60.9 

38.9 

49.6 

63.3 


Total Straw 

J 









Present Course (2Ut}, 

1928. 



1 

1928 

Roots (Swedes) 

cwt. 

19.7 

11.7 

143.8 

163.6 

293.2 

i 223,2 


* Plots 1, 3 tod 6 based upon IB veais. Plots 2, 4 and 6 based upon 17 years, 
f Includes straw, cavings and cufi. 

Mamires applied oiwe every four yean, prior to sowing of swedes. ^ixla • 

t Mfaeral Manure : 628 lb. superphosphate {86%); 600 lb. Sulphate of Potash ; 100 Ib. Sulphate of bxxia , 
200 Ib. Sulphate of Ham^. All per acre. 

Nitrocenou Manure. 206 lb. Sulphate of Ammonia and 2,000 lb. Rape cake per acre. 



Roots each year since 1856. Mangolds each year since 1876 
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PERMANENT BARLEY PLOTS, Hoos Field, 1927 and 1928. 

PRODUCE PER ACRE. 
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Second Series : Replicated Experiments. 

EXPERIMENTS ON CEREALS. 

Barley : Comparison of Nitrogenous Fertilisers, Sulphate and 
Muriate of Ammonia, Urea and Cyanamide, each used in. 
single and double dressings. 

Effect of Superphosphate. 

Great Harpenden, 1927. 


NE 

A B 


2U ’ 2M ' 
p ! p 

2C 

0(5) 

0(fl) 0(5) 2S IS : 

P P P 

IM 1C 

2S 

IS 

lU 2C 2U 2M 

P 



P 

0(3) 0(<i) 

lU 

0(c) 

IM ^ 1C 0(c) 0(<i} 

l> P 

P 


P P 

2U ; 0(o) 

; OW 

i 

^ 2(c) 

P 

0(a) ^ 2C 2S 0{d] 

P P 

p p 

' IS 
: P 

' IM 

IS 2U 0(5) IM 

V P 

It) 1C 

: 2S 

^ 2M 

2M 1C lU 0(c) 

p 

^ P 


P P 


C ' ^ 


System OF Rep ligation. — 4 raudomisetj 
blocks oi 12 plots each. 

Area oi plot J, acre. 

0. — No Nitrogen. 

U, C, S, M. — Nitrogen in form of Urea, 
Cyanamide, Sidphate and Muriate of 

1, 2.— Single and double dressings at the 
rate of 1 and 2 cwts. per acre, 

or its equivalent. 

R — Superphosphate at the rate of 3 cwts. 
per acre. 

Jtanures applied March 28-29. 

Barley sown .^i)ri] 4-6, han’ested 
Sept. 6-7. 


Actual Weights In lb.— Total Grain. 

Blncks, 0(fl) ^ 0(6) : 0(c) ^ 0(<i) ' lU 1C IM j 2U 2C 2S j 2M 

35.6 39.125 42.1) ■‘5-?25 35.125 53.875! 60.0^ m “^^25 

S ' *17 25 29. R75 4*2,87.') 51.5 : .’)S.8ii) 4a /o i6-..y od.3jd o^.O 

c U.3Wi3^f 2^ |a0.125 53.625 44.875 tq -'^^50 0 630^ 

I> 30,5 32.375i 33.375 28.5 48,563 51.125 51.62.> .>b.6Ld|64.0 .49,0 ,50.0 ,63.^ 


A 

R 

C 

1 ) 


Actual Weights in lb.— Total Straw. 


!45.6 29,0 1 43.5 145,5 

41.0 45.5 1 47.5 U8.5 

40.6 51.0 '51.6 36.6 

38.6 48.0 1 46,6 l34,5 

! ■ I 


56,5 50.0 ! 46.6 59.5 

50.0 56.0 ;60.5 49.5 

155.0 59.0 i56.5 53.0 

;63.0 68.5 1 55.5 61.5 

! ' I 


1 

{69.0 

52.0 

52.0 i73.5 i 

-0.5 

66.0 

72.0 |80.5 j 

66,0 

.57,0 

70.0 174,5 i 

67.0 

57.0 

1 

;55.0 174.0 
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Barley, 1927 (cont,) 

(1) Summary of Average Yields, Separate Treatments. 


Single Dressing. Double Dressing. 


Average Yield in ewts. Xo 

Kiacie. i Nitrogen. 

M/Amm. Cyan. 

Urea. 1 S/Amm. 

M/Axnm. 

Cyan. 

Shind'rd 

Urea, j 

Grain 

Straw 

without phosphate 11.1 15.5 

with phosphate 12.5 18.5 

without phosphate 14.8 ^ 18.2 

with phosphate 16.0 ; 22.5 

16.4 17.3 

19.7 18,8 

18.3 21.2 

21.6 20.5: 

16.6 15.5 

16.2; 22.3 
18.8 19.1 i 

21.3 25.4 

23.8 

23.3 
27.7 i 

26.3 

17.2 
18.7 
19.5 
' 22.0 

22.1) ^ 
i 24.3 

\ 


Note.— T he phosphate differences are increased in the case of the sulphate and cyanamide plots, and decreased in the cast 
of the muriate and urea plots, by soil differences. 


(2) Summary of Significant Reaults. 

Average of all 

Nitrogenous Treatments, Without Super. With Super. 


Mean, 


Standard Error. 


Grain, ewts. per acre .. 

15.7 

17.5 

^ 16.6 

0.3.=) 

Grain, per cent. 

94.7 

105.3 

100.0 

2.10 

Straw, ewts. per acre .. 

18.9 

20.7 

19.8 

0,43 

Straw, per cent. 

95 4 

104.6 

100.0 

2,19 

1 

Average of plot.s 

Grain, ewts. per acre. 


Grain, per cent. 



vfilrii auu I j 

without Super. jS-'Amm. M/.Amm. Cyan. Urea, ;S;Amm. M/Amm. Cyan. 


Urea. 


iQuantity of 
j Nitrogen 


17.0 
18 9 


118 

18 1 18.0 

'ZXTi 17.9 


Straw, ewts. fior acre 


Quantity of j j 
Nitrogen 


20.4 

9‘> O 


15 4 

20.0 208 

27.0 20.7 


16.4 

21.9 


20.0 

24.3 


102,5 

1139 


103.9 

113.4 


71.2 

; 108.9 108.7 

142.0 108 1 

Straw, per cent. 

77 9 

98 2 1032 

137.8 10:>.7 


132 2 


102.3 

124.1 


Standard Errors,— Grain 0.85 ewts. or 5.15 per cent. : Straw 1.06 cwts. or 5.37 per cent 
Significant response to Superphosphate in both Grain and Straw. Big response to 
double nitrogen No differences between the equivalent nitr<^enous manures 
single dressing, but the double dressing gives no further increase with Cyanamuie ami \c \ 
with sulphat . 
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Barley : Comparison of Nitrogenous Fertilisers, Sulphate and 
Munate of Ammonia, Urea and Cyanamide, each used in 
Single and double dressings. 


0 [iUi 


Effect of Superphosphate. 

Long Hoos, 1928 . 

A W.N.W, B 


0 I 0 I 1C! 2C|2Ui2M IM 2S 0 IM 2S 2Mi IS' 0 

“UVipi I ¥ 

I i 1 i i : ^ ^ ■ 


■ 0 j 0 i 0 I 

' («)! (5)1 {d)\ 

lU 

1C 

2Uj 

■ i P ’ 

p 


^ 1 


D 


iM: Oj 0 |2Uj 2qip IC; 0 ; 0 UM IS 2S 2U 0 aM IS lU: 0 , 1C:2S 0^2C2Mi 0 

r'lii'lpi !p: ^ p: ‘^:p^p 


! P 


F 


2M; 0 0 i lU 0 

W (ft); i(0 

: P 


2C;2U IC IM IS 2S 0 2M IS 2C 0 0 0 2S|2Ui 1C 0 


id) 

p p p 


W (<i) {a): 

P P P P p 




lUUM^ 


0 IM 2C 

0 

2M 

lU 0 

2S 2U IS 0 

1C 0 

1C 2U lU 0 

2M; IS : 0 

2C IM 

0 ;2S 

V P ! 

P 

! 

' P 

P 

P 

P 

P i P P 

P 

P 

LJ. 


Svsrrsi or Riflicatiok—H KandonitscJ Bhjcks of 1 2 plots each. Area of plot ^ acre. 0 ^ N'o Nitrogen ; U. C, S, M.= 
Nitrogen in form of Urea, Cyanamide, Sulphate and Muriate of Ammonia ; 1, 2= Single and double dressings at the rate of 1 and 
2c»t. per acre, S/Atmo. or its etiuivaJent ; Superphosphate at the rale of 3 cwt. per acre. Variety; Spratt Archer 
Manures applied March 28. Barley sown March 28, ban ested August 24. 


Actual Weights in lb. — Total Grain. 


Without W'ith 



Pheephate. 

Phosphate. 









Block. 

0{fl) 

0(6) 

0(n 

0(d) 

lU 

IC. 

IS 

IM 

2U 

2C 

2S 

2M 

A 

47.5 

43.5 

47.0 

32 75 

53,25 

49.0 

64 5 

44.25 

58.25 

58,5 

45.75 

46.25 

B 

29.5 

32.6 

28.0 

32,75 

41.25 

41.25 

36,25 

37.5 

38,0 

47,5 

35.0 

43.0 

C 

36.75 

38.25 

53.5 

42,25 

48.75 

43 0 

i 53.5 

56.75 

37.0 

45.5 

57.25 

54.0 

D 

42.0 

44.0 

43.25 

40.75 

; 56.0 

: 48.25 

; 53.75 

49.5 

; 56.5 

52.75 

56.0 

49,5 

E 

44 75 

45.75 

49.25 

36.75 

57.5 

; 57 75 

■56,25 

54.5 

63.75 

66.5 

55.75 

65,5 

1< 

35.5 

^ 40.0 

i40.5 

41 0 

43.0 

; 46.5 

i 45.25 

45,5 

■ 45,25 

51,5 

45.5 

54.5 

G 

40.0 

135.0 

' 44.0 

36.25 

50,0 

i 42.75 

1 45,0 

51.25 

; 53 0 

47.0 

46.0 

53.75 

H 

39.25 

i 40 76 

37 25 

41.25 

' 42.75 

i 46.0 

[43.5 

48.0 

i 49.75 

51,0 

46.0 

53.5 


i 


Actual \Velghts In lb.— Total Straw. 

W’ithout With 
Pltosphate, ' Phosphate. 


Block . 

A 

B 

C 

I) 

E 

F 

G 

H 


0(a) 0(6) 1 0(c) ^ 0(<1) 


76.ri 

53.5 
58,75 ! 58.25 

66.5 i66.0 
1 79.25 ' 

59.5 
■81.0 
I 67.75 


lU IC IS IM 


85.75 81.0 106 5 00,25 

67.25 68.25 75.75 78.0 

78 25 69.5 80.0 86,75 

91.5 71,25 86,25 77.0 

89.0 97,25 96.75 89,5 

89.5 ■ 93.0 ^ 97.26 86.5 

105.75 

88.0 


2U 2C 2S 3M 


in 25 107,0 100.75 U2.25 

77. 5 93.0 87.5 83.0 

61.0 76,0 94.25 92.0 

88.5 86.75 92.5 85.0 

97.25 99,5 104.25 112.0 

96.25 106.5 94.0 109.5 ; 

106.25 99.5 107.0 ' 106.26; 

97 5 89.5 92.5 112.0 ^ 


65.6 

59.0 


70.76 

76.0 

70.5 

69.75 


71.0 ; 64.75 

51.0 61.75 

00.6 64,26 ; 

68.75 59.25 i 

74.75 74.76 

76.0 67.5 i 

84.0 67.26 i 107.0 , 80.75 90 5 

65.75 78.26 - 88.25 84.5 87.0 
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Barley, 1928 (cent.) 

(1) Summary of Average Yields, Separate Treatments, 


Average Yield in cwt. 
per acre. 

No 

Nitrogen 

Single Dressing. 

Double Dressing. 

Mean. 

S/Am. 

M/Am. 

Cyan. 

Urea. 

S/Am. 

M/Am. 

Cyan. 

Urea. 

ip . j without phosphate 

14.2 

15 9 

17.3 

15.4 

18.7 

16.6 

19.3 

17.1 

20.0 

16.4 I 

! (with phosphate 

! 14.4 

19.6 

17.3 

18.0 

16.3 

18.1 

18.2 

20.6 

16.9 

16.8 i 

. j without phosphate 

! 23.8 ' 

29.8 

30.6 

27.1 

31.8 

34.0 

37.4 

32.0 

36.1 

29.4 i 

1 ^ [with phosphate 

i 24.9 

34.6 

|32.0 

1 30.6 1 

30.4 

35.0 

35.1 

36.7 

30.6 

30.3 i 


Note.— T he phosphate di0ercDces arc increased in the case of the sulphate and cyanamide plots, and decreased in the case 
of the muriate and urea plots, by soil differences. 


(2) Summary of Significant Results. 


Average of all 
Nitrt^enous Treatments. 

Without Super. 

With Super. 

1 

Mean. 

Standard Error. 

j Grain, cwts, per acre ... 

16.4 

16.8 

16.6 

0.24 

: Grain, per cent. 

98.8 

101.2 

100.0 

1.46 

: Straw, cwts. per acre ... 

29.4 

30.3 

29.9 

0,38 

Straw, per cent. 

98.5 i 

101.6 

100.0 

1,28 


I 


j Average of plots Grain, cwts. per acre ' Grain, per cent. 

' .. . 

i without Super. S/Amm. M/Amm. Cyan. Urea. 

S/Amm. M/Amm. Cyan. Urea. 

„ g 17 . 3 ’^ ^6.7 17.6 

. Nitrogen | ^ ^ ,g g 

86.1 

107.0 104.1 100.7 105.5 

104.3 112.9 ; 113 0 1079 

1 Mean ’ ... ; 16.6 | 

Standard error 0.66 

100.0 

3.58 

Straw, cwts. per acre. 

Straw, per cent. 

Quantity of f j , gg j 28,8 31.1 

^iiuogta [^2 34.5 i 36.2 ' 33.8 32.8 

81.7 

107.6 104.9 965 104.1 

115.5 121,4 1133 110.0 

Mean ... | 29.9 

Standard error 0.94 

100.0 

3.14 


Significant response in both grain and straw to the single dressing, and a further response 
the double dressing in the case of muriate and cyanamide. There are no differences between ^ 
equivalent nitrogenous manures in the case of grain, but with straw the cyanamulc plots 
sif^cantly below the sulphate and muriate plots. The response to atiperphosphate j 
significant, but there is evidence that it improv^ the yield of straw, and that the muna p 
responded better than the urea plots. 
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pi]itrogenous Fertilisers as Top Dressings : 

Sulphate of ammonia. 
Muriate of ammonia. 

Each in single and double dressings (1 and 2 cwt. per acre Solidus Amm.). 
Applied: (a) Early (April 11th) ; (i?) Late (May 30th). 

Wheat : Great Knott, 1927. 

System of REPucAnon,— 4S plots ia 
8 randomised blocks of 6 plots each. 

Plots Jo acre. 

0.— No top dres^g. 

1, 2.~Drcssiiig of 1 and 2 cwt. Sulphate of 
Ammonia [S) or Equivalent Muriate of 
Ammonia (M) per aae. 

E.— Farly. 50 per cent, plants tillered 
{April 11). 

L.— Late, Shoot number reached maxi' 
mum {May 30). 

Wheat sown Oct, 7, 1926 ; hars'ested 
.4ug. 24-25, 1927. 


NW 

P Q 



Actual Weights in lb.— Total Grain. 


Blocks. 

V 

() 

K 

S 


OA 

i OB 

OC ' 

OD ISE 

71.375! 63.6 

47.625 42.5 -61.25 

79.0 

; 67.25 

50.375 

68.0 74.5 

71.6 

156.0 

6.5.375 

71 25 71.75 

64.76 i82.5 

84,0 

76 125 89.5 


ISL IME IML 2SE 2SL ; SME : 2ML i 

56 5 57 0 71. 1-25 SO.S/a 68.126:70,25 '58.375: 

54:3-5 47,3-5 62.5 74,875 59.125:71 0 76.7^ 

6)5 875 70.125 71.5 76.S/D in.25 ;8o.5^ 

89,125 89,75 90.625 94.375 97.0 ; 72.875 86.25 j 


Actual Weights In lb.— Total Straw. 


P 

Q 

R 

S 


118.6 118.5 107.0 88.0 

137.0 126.6 98.0 118,0 

133.0 I 126.0 129.5 164.5 

122.6 168.5 161.5 143.0 


147.0 123,5 118.5 

131.0 107.0 : 106.5 
132,5 162,5 i 160.5 

165.0 161.5 j 157.0 


135 5 124.5 132,0 

123.0 144.5 113.0 
147.5 174.0 139.5 

154.0 181 5 163.0 


147.0 

147.5 

169.5 

155.5 


120.0 

131.5 

155.5 
143.0 


(I) Stmunary of Averaae Yields. Separate Treatments. 


Average No 

Vield Top 

per acre. 1 Dressing 

Single 1 
S/Amm. i 
1 cariV' i 

Single 
S/Amm. 
Ute. 1 

Single ' Single Double 

M/Amm. M/Amm.;SAmm ^ 

early. late. early \ 

Double Double Double ; 
S ' Antn\ . M Ainnt M / Amm . 
late. early. late. 

Grain, cwt. i 23.7 
Straw.cwtj 46 8 

26.5 
{ 61.4 

1 23.6 

j 48.6 

1 23 6 26.4 27,3 

1 4g.4 60.0 1 55.8 

00 7 26.8 26.2 

; 40 9 66.3 49.1 i 

i ' - 
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Wheat, 1927 (cont,) 

(2) Summary of Significant Results. 


Average Yield 

1 per acre. 

0 

II 

' t3 

S 

1 

(a) 

Early 

Sulphate. 

Early 

Muriate. 

Late 

Sulphate. 

Late 

Muriate. 

M 

Double 

Early. 

H 

Double 

Late. 

■g 

1 ^ 
5u} ■ 

U) i 

i Grain, cwt. 

23.7 

25.0 26.8 

25.2 ' 0.73 

26.9 

25.2 

25.2 

26.3 

25-1 

27.1 

26.0 

26,5 

1.03 

Grain, per cent. ... 

94.1 

99.4 106.4 

100.0 2.90 

107.0 

100.2 i 100.0 

104.6 

99.6 

107.6 

99.3 

105.3 

4.09 

: Straw, cwt. 

45.8 

49.6 i 52.3 

49-2 : 1.05 

53.6 

51.9 

48.8 

49.6 

49-9 

55.5 

49.3 

49.0 

1.49 

; Straw, per cent. ... 

93.0 

100.8 i 106.2 

100.0 2.14 

108.9 

105.4 

99.1 

100.7 

101-4 

112.9 

100.2 

99.6 

3.02 


(а) Refers to means of 16 plots. 

(б) Refers to means of 8 plots. 


Significant response to double top dressing in the grain, and to both dressings in the straw. 
With straw the double dressing produced no further increase when applied late. 


Wheat : Pastures Field, 1928. 


S.E. 

Yeoman II Squareheads Master Swedish Iron 
A 1st D 3rd G 3rd 

U 2 8 5 617 sle T S S 415 21 4 5 8 2|7 3:6 1 


B 2nd £ 2nd H 1st 



C 3rd F Ist J 2nd 

5i6|438 712j4;3287j65lj8731626j4; 


System of Replication : 9 ran- 
domised blocks (:} to each 
variety) of 8 plots cai h. 

Plots acre. 

Sulphate of Ammonia at the rate 
of 1 cwt. per acre. Muriate of 
A mm onia equivalent to Sul- 
phate. 

1, 2'=No Top Dressing. 

3= Sulphate Early. 

4 =» Muriate Early. 

5— Sulphate Ijn’e. 

6= Muriate Late. 

T^Sulpbate Early and Late. 

8~ Muriate Early and Late. 

7 and 8 thus had tliniblp the 
amount of Nitrogen given to 3, 
4, 5 and 6. 

1st, 2nd, 3rd ; Time of application 
of Top Dressing. 

1st Early : Applied March 7. 

2nd Early : Applied March 14. 

3fd Early : Applied March 21st. 

Late Dressings applied 6 weeks 
alter Early. 

Wheat sown October 21, 192ii 
harvested August 17, 192J<- 


Actual Wei^ts in Ib. — Total Grain. 


Variety. 

Block. Time. 

12 

3 

4 

5 

6 : 

1 

7 

8 

1 

A 

Ist 

77 25 80 25 

94.75 

87.0 

82.0 ^ 

86.0 

: 87.75 

90.75 

Yeoman II, < 

B 

2nd 

79.0 79 5 

80.0 i 

80 0 

75.5 

66.0 

; 83,25 

: 85.25 

1 

L C 

3rd 

60,75 68,5 

60.75 

64,75 

92 0 

86.75 

^ 50.75 

1 65.75 

Squareheads J 


3rd 

79.75 67.5 

60.75 

74,6 

75 75 

72 0 

: 57.25 

: 77.0 

E 

2nd 

61.25 67.0 

73.75 

66.75 

62.75 

69.25 

: 77.75 

79,75 

Master ] 

1 ^ 

ist 

60.6 55.6 

50 5 

66 5 

75.76 

75,25 

1 71,25 

74.5 

Swedish ^ 

1 ^ 

3rd 

68.26 64,0 

63 25 

88.75 

83.75 

60.25 

1 94.0 

79.75 


Ist 

48.0 49.25 

55,75 

50.0 

68.0 

i 69.0 

i 62.25 

61.25 

Iron 

1 J 

: 2nd 

56.26; 68.5 

59.6 

76.75 

68.26 

;64.6 

i 66.5 

) 

66.6 

Average in cwt. per acre . . . 

23.2 

23.8 

26.0 

27,1 

^ 26,8 

; 24.6 

27.0 


1 22.9 
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Actual Weights in Ib.— Total Straw. 



! ^ 

i s 1 

! ' ' 





Average 

Variety. 

1 s 

1 

1 H ^ 

12 3 

4 

5 1 

6 

! 7 : 

8 in cwt. ■ 

per acre. ! 


I A l3t ; 96.75i 97.75 125.25 lU.O 108.5 114.0 1U.25 116.25 39.6'| 

B 2nd 107.0 1 96.0 100,0 99.5 97.0 74.5 ,112,75 111.25 35.6 ^35.7 

I C :3rdi 67,25:89.5 89.25 75.25,133.0, 117.25 60.25 84.25 32.0 J 

1 D :3rd 95.75i97.0 92.25 101.5 100.25 105.0 95.75 139.0 36,9] 

! E 2nd i 84,75(92.0 119.25 97.25 87,75 101.75 100.75 114.25 35.6 V35.2 

I F 1st 88.5 173.0 67.0* 100.5 107,25 94.75 107.75 103.0 33. ij 

i G '3rdi 71.25170.0 81.75 102.25 107.25 77.75 103.0 107,25 32.2] 

! H 48.5 50.25 68.75 52,5 87,5 77,0 85.26 76.75 24.4 V28.8 

: J i2ndi 71.0 i73.0 76.5 97.25 96,25 86.5 84.5 80.5 29.7 J 

33,3^ x.i 37.0 

* Estimated Figures. 


(1) Summary of Average Yields, Separate Treatments. 


Variety. 


Sulphate! Muriate | 

I Sulphate^ Muriate Sulphate Muriate of I of^ _ j 

' of of of of Amni'nia:Amin maj 

Top Amm'nia Amm’nia Amm’nia Amm’nia Early , Earlv j 
Dressing.! Earlv, ! Early. Late, Late. and ; and 
; Late, I Late, 


Grain, Yeoman II 
cwt, per Squareheads Master 
: acre Swedish Iron 


26.5 

23.3 

19.8 


i Straw, Yeoman It 
: cwt. per Squareheads M 
! acre Swedish Iron 


33.0 

31.6 

22.9 


: 28.0 
! 22.0 
! 21,2 

27.6 

24.7 

25.7 

29.7 
25.5 . 
26.2 

28.4 

25.8 

23.1 

26,4 j 
24,6 1 
22.9 

28,8 j 
27.5 

24.7 j 

^ 37.4 ^ 

34.4 

40.3 

36-4 

34,2 i 

37,1 i 

33.2 

35,6 

3o.l 

35.9 

36,2 ' 

42.4 i 

: 27.0 

30.0 

34.6 

28.7 

32,5 

31.5 1 


(2) Summary of Significant Results, averaging varieties. 


Average Yield 
per acre. 

No Top 
Dressing. 

Early Top 
Dressing. 

Late Top 
Dressing. 

I^te Top 
Dressing. 

Mean. 

Standard 

Error. 

Grain, cwt. 

Grain, per cent. 
Straw, cwt ... 
Straw, per cent. 

i 23,2 

! 92.6 

29.2 
i 87.7 

24.9 

99,2 

32.9 

99.1 

26.4 

105,4 

35.2 

105.9 

25.8 

102.9 

35.6 

107.3 

25.1 

100.0 

33.2 

100.0 

0.74 

2.94 

1.22 

3.67 


The late ( 


e dressing producetl a significant ^ evidence that the straw 

Mwc'cn the muriate and sulphate plot.s is . , permit 

responded to some extent to the early dressing. 1 be Ju. three dates of the earlv dressing. 

being drawn as to difierenecs between varieties nor between the three dates 01 
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Barley : Nitrogenous Top Dressing, Sulphate and Muriate of 

Ammonia. 


Great Harpenden, 1927. 
s.s.w. 



Rot 1. 

Rot 2. 

^ Rot 3. 

Rot 4. 

1 Rot 5. 

; Plot 6. 

Area in acres... 

1.28 

2.40 

2.12 

2.18 

2.10 

2.U 

Yield of grain in lbs. 

920 

2292 

1983 

2187 

1 1359 

1631 

Yield in cwt. /acre ... 

6.42 

8.63 

8.36 

8.96 

5.78 

6.74 


Bai'Iey sown April 4-6 ; harvested September 6-7. 

Rots 1 and 5= No manure. 

Rots 2 and 4^ Sulphate of Ammonia at the rate of 1 cwt. per acre! g^pp|^^ jmie lo-ll, 
Rots 3 and 6= Muriate of Ammonia equivalent of above i 

No straw weights taken. 


Summary of ResuUs. 


Average Yield of Grain. 

Control. i 

Muriate. 

Sulphate. 

Mean. 

lb. per acre 

cwt. per acre 

Per cent. 

682.94 n 

6.10 ! 
81.7 

845.24 

7.56 

101.1 

979.10 

8.74 

117.2 i 

835.76 

I 7.46 1 

100.0 1 
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Barley : Nitrogenous Top Dressing, Nitrochalk. 
Long Hoos, 1928. 


E.S.E. 

II. Ill, 


^|c!D CiB;D A A C D|B|D A;Blc 


Tseatmwts : 

A B No Top Dtessing- 

B = Eariy Top Dnssingol Nitrochalk, May 22nd. 

c = Midole Tw Dresfii^ of Nitrochalk, June 4 th. 

D« UteTopDressnigoJNjtiochalk,juDe49th. 

RAte of application •» 2 cwt per acre. 


System of Repucation ; — i randomised blocks 
of 4 plots each. 

Area of each plot = acre. 

Barley sown, March 28; harvested August 24, 
1928. 

Variety : StandweU." 


Actual Yields in lb. 




Grain 




Straw 



Block. 

A 

B 

C 

D 

A 

B 

C 

D 

1 

36.0 

35.6 

39.0 

41.25 

91.0 

96.5 

94.0 

90.75 ^ 

li. ... 

in. ... 

IV. ... 

43.5 

41.76 

30.25 1 

39.0 

85.5 

88.25 

82.75 

77.5 

45.6 

51.5 i 

51.75 

1 48.0 

73.5 

92.5 

96-25 

77.0 

49.0 

; 43.5 ■ 

54.75 

j 47.75 

87.0 

79.5 : 

86.25 : 

85.25 j 


Summary of Results. 


Average Yield. 

No Top i 
Dressing. ; 

Early MitUlle Late 

Top Top Top 

Dressing. Dressing, Dressing. 

1 

Standard 

Mean, Error. | 

Grain, cwt, per acre 
Grain, per cent 

Straw, cwt. per acre . . . 
Straw, per cent. 

15.6 i 

98.4 ! 
30.1 

97.4 

15.4 16.5 15.7 

97.5 104.5 99.6 

31.9 32.1 29.6 

: 103.1 103.9 95.6 

15.8 0.61 i 

100.0 3.85 1 

30.9 i Lll ' 

100.0 3.59 ’ 

Per cent. Nitrogen in 

2.075 

I 

j 2.118 2 110 2.160 

2.116 0.0264 i 

dry matter of grain ... 

.. ... .. ^ ^ 


, No .iguificaat respond to t^.tment m g«io and strau. Utc top dressing gave significantly 
higher percentage of nitrogen in dry matter of grain than 



Nitrogen 
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POTATOES. 


Nitrogenous Fertiliser ; 
Potassic Fertilisers : 


Sulphate of Ammonia. 

Sulphate of Potash. 

Muriate of Potash. 

30 per cent. Potash Manure Salts. 
Each in single and double dressings. 


W.N.W 


Long Hoos, 1927. 



A 



B 



C 


N4 

N2 

N2 

X2 

N4 

0 

N2 

0 

^ N2 

0 

0 

P4 

0 

P2 1 

0 

0 

P4 

: M2 

0 

N2 

N4 

N4 : 

N4 ■ 

N2 

N2 

N4 

■ 0 

M4 

S2 

M2 

P4 

0 

S4 

M4 

S4 

0 1 

N4 

0 

0 

0 

: N2 

0 

N4 

N4 

0 ■ 

S4 

0 

P2 

S2 

: M2 

M4 

0 

S2 

P2 

N2 ^ 

i 0 

N4 

N2 

N4 ' 

N4 

N4 

: N2 

0 

P2 ; 

S2 

0 

P2 

S2 

0 

S4 

; S2 

M2 

N4 

' N2 ' 

0 

N2 

N2 

0 

0 

N2 

N2 ; 

M2 

P4 

S4 

P4 

0 

M2 

P4 

0 

M4 

N4 

N2 

0 

N4 

0 

0 

0 

N4 

N4 

M4 

0 

0 

M4 

0 

S4 

0 

0 

P2 

0 

0 

N4 

N2 

N2 

N4 

0 

N2 

N4 

0 

M2 

0 

0 

M4 

P4 

P4 

S4 

M2 

0 

N2 

N2 

X4 

0 

N4 

0 

0 

■ N4 

M4 

0 

S2 

S2 

P2 

0 

0 

S2 

0 

N4 

i N4 

N2 

N2 

0 

0 

N2 

N2 

^ N4 

P4 

: P2 

; S4 

M2 

0 

S4 

P2 

0 

M4 


Variity : Arran Comrade. 


SvsTBM OF Replica T iOR : 9 randomised blocks of 9 
plots each. 


Area of plot *^5 acre. 

Qvantitiis : Sulphate of Ammonia at the rate of 
2 and 4 cwt. per acre, IPotasb at the rate of 
2 and 4 cwt. per acre as Sulphate or its equiva- 
lent as Muriate or Potash Manure Salts. 

O « No artificial manure. 

N = Nitrogen as Sulphate of Ammonia. 

S Sulphate of Potash. 

M =: Muriate of Potash. 

P » Potash Manure Salts. 

All plotB had 10 tons F.Y.M. applied May 14-19 
Artificials applied May 17-lS. 

Potatoes planted May 23*26 ; Lifted October 6*24. 


Actual Weight in lb. 


Quantities! 
0 0 


! 0 

! 0 

! 

' 2 
2 
2 

4 

4 

t 4 


356. r> 
365.0 
308.5 


382.0 348,5 

401.0 354 0 

364.0 335.5 


371)5 379.0 380.5 

421.0 420.0 389.0 

382.5 424.5 ‘ 409.5 

333 5 413.5 = 399,0 

430.5 381.0 i 408.0 

403.0 306.0 I 430.0 


395.0 

357.0 

362.5 

394.5 
404 5 
323 5 

412.5 

440.0 

436.5 


366.5 

360.5 

395.5 


340.5 
361 0 
319.0 


428.0 

438.5 

465.5 


337.5 

345.0 

302.0 


409.5 402.5 377.0 

408.5 411.0 467.5 

403.5 369.5 ; 463.5 


400.6 440.0 

358.6 ' 388.0 
412.0 I 366.5 


411.5 

395.5 

401.5 

446.5 

474.0 

455.0 

411.5 

473.0 

405.5 


351.5 

344.0 

333.0 

380, r> 

400.5 

405.0 

309.0 

300.5 

436.0 
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(1) Summary of Average Yields, Separate Treatments, 


1 Avenge 
■ Yield ia tons 
i per acre. 

N 

o Nitrogen, 2cwt. S/Amm. 

4 cwt. S/Amm. 

Quality of 
Potau. 

Sulphate 

Muriate | P..M.S. Sulphate; Muriate j P.M.S. 

Sulphate 

Muriate 1 P.M.S. 

1 

Quantity of Potash in 
cwt. per acre S/Pot. 

0 

6.54 7Q(5 


7.16 

2 

6.56 

6, .15 6.63 7.74 7.64 7.22 

7.8.5 

7.51 I 6,71 

4 

6.90 

■■ 

.5.80 U.88 7,70 ; 7.35 6.60 

(.45 7.96 i 6.89 


Standard Error 0.245 tons. 


(2) Summary of Significant Results, 
(a) Effect of Potassium Salts. 



Average Yield in tons per acre. 

Average Yield, per cent. 

Sulphate. 

Muriate. 

Potash 

Manure 

Salts, 

Sulphate. 

Muriate. 

Potash 

Manure 

Salts. 

.\mount of Potash"^ 

0 


6,92 



98.9 


in cwt. per acre > 

. 2 

7.38 

7.16 

6.86 

105.5 

102.3 

98.0 

S/Pot. ...J 

4 

7,35 

7.04 

6.46 

105.0 

100.5 

92.2 i 


Standard Error 0.141 tons, or 2.02 per cent. 


(b) Effect of Sulphate of Ammonia. 



Average Yield in tons per acre. 

.Average Yield, per cent. 

Amount of Nitrogen. 

Amount of Nitrogen. 

0 

2 

4 

0 

2 

4 

r ^ 

6.54 

7.06 

7.16 

93.5 

100.9 

102.2 

.Amount of Potash < 2 

6 51 

7.53 

7.36 

93.0 

107.6 

105.1 

L ^ 

6.19 

7.22 : 

7.43 

88.5 

103.1 

106.2 


Standard Error 0.141 tons or 2.02 per cent. 


Avoragp 

Viciti, 

1^ Quantify of 8 /Am. 

Quantity of 

Potash. 

>Iran 

(-■r) 

Standani 

Prmr. 

Sulphate, Murute, 

potash 


0.2! 

4 

0 2 

4 


Salts. 

Error. 

Tons prr acre 
Percent. ... 

6.42: 7.27: 
01.7 jl03.8 . 

i 7,32 
104.6 

6.92 7.1 

; 98.9 101.9 

3 6.96 

99.2 

7,00 

100,0 

0.0S2 

1,17 

7.37 T.IO 

106.2 101.4 

6.66 

95.1 

O.lOO 

1.43 


(a) Rcifen to meana of 27 

plots. 

(i») Kefrrs to Dieans of IS plots. 




■ Potash Manure Salts depress the vield slightly in the single dressing and significantly 
, , ® dressing ; a similar but slighter effect appears ^vith ^^u^iate. In both cases the effect 
higli Nitr^en plots. The Sulphate of Potash causes no depression, although 
’gher dressing gives no furtner increase in yield. 
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POTATOES. 

Nitrogenous Fertiliser : Sulphate of Ammonia. 
Potassic Fertiliser : Sulphate of Potash. 

Each in single and double dressings. 

Superphosphate. 

Great Harpenden, 1928. 

N.E. 



A 



B 



C 


System of Replication : ETperimpnl 
laid down as In 1927. The portion bar. 
vested consisted of 3 randomised blocks 
oi 9 plots each divided into 2 sub-plot-;, 
Area of whole plot : ^ acre. 

30 

6P 

90 

9P 

6P 

50 

20 

9P 

40 ^ 

3P 

60 

9P 

90 

60 

5P 

2P 

90 

4P 

0, No Phosphate and Superphosphate 

at the rate of 3 cwt. per acre. Sulphate 
of Ammonia at the rate of fl, 11 and 
3 cwt. per aciTi and Potash at the rate 
of 0, 1 and 2 cwt. per acre Sulphate of 
Potash in all combinations. All pltits 
n.'ceived 10 tons F.V.M, per acre. 

10 1 

IP : 

70 

i 

7P i 

1 20 

2P 

80 ; 

8P 

40 

4P 

10 

IP 

70 

7P 

8P : 

80 ■ 

5P 

50 

40 ' 

8P 

50 

70 i 

2P 

30 

IP 

30 

6P ; 

Variety ; Ally. 

Artificial Manures applied .^pril ltV17. 

4P 

80 

5P 

7P 

20 

3P 

10 i 

3P ; 

60 1 

Potatoes planted April 17-19 ; lillu! 


October 19. 


Key to Treatments. 


Treatment No. | 1 

2 

3 

4 

■ 

5 

6 7 

8 

9 

1 S/Amm. ... : 0 

u 

3 

0 i 

H 

3 0 

H 

3 

! Potash ... ... 1 0 

1 1 

0 

0 

1 ; 

1 

12 

2 

2 


Actual Weights In lb. Phosphate Sub-plots. 


Block. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

.A 

139.0 

219,0 

200.0 

145.0 

; 193.5 

2(W».5 

174.5 

213.0 

2 Hi..') 

B 

197.5 

205,0 

206.0 

182.5 

j 254.5 

282.0 

143.0 ^ 

213.5 

2lb j 

C 

156.0 

229.5 ; 

210.0 i 

245.5 

226.5 

282,0 

210.0 ; 

229.5 

281.5 



Actual Weights In lb. No Phosphate Sub-plots. 



Block. 

1 

2 ; 

3 

4 

5 

6 

7 I 

8 

9 

A 

142.0 

197 5 i 

195.5 i 

141.5 

205.5 ! 

201.0 

149.5 

1 85.0 

240.0 

224.5 

2C3.0 

B 1 

16B..5 

; 180.0 

210.0 ; 

180.5 

; 227.0 

256.0 

159.0 

192.0 

^ 1 

144.5 

j 251.5 

191.5 i 

247.0 

1 251.0 1 

271.5 

182.5 i 

230.0 
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(1) Summary of Average Yields, Separate Treatments. 



Without Superphosphate. 

With Superphosphate. j 

Tons per acre. 

1 No 

1 1 cwt. 

3 cwt. 

No 

cwt. 

i 3 cwt. ' 

i S/Amm. 


S/Amm. 

S/Amm. 

S/Amm. 

: S/Amm. 1 

Quantity of Potash!, o 
in cwt. per acre; J 
S/Pot. ...! 2 

6.09 

7.62 

8.42 

9.15 

8.00 

9.7& 

6.60 

7.67 

8.75 

9.03 

8.26 

11.05 

i 6.58 

8.13 

9.74 

7.06 

8,79 

10.63 


(2) Summary of Significant Results. 


Average Yield. 

■ Without Super. 

With Super. 

Jlean, 

Standard Error. 

Tons per acre ... 
Per cent. 

, i 8.17 

97.1 

i 

8.65 

102.9 

8.41 

100.0 

O.ll 

1.29 i 
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SUGAR BEET. 

Nitrogenous Fertilisers : Sulphate of Ammonia applied with seed. 

Nitrate of Soda as top dressings at rates 
of 1, 2 and 3 cwt. per acre. 
Cyanamide, applied 1 week before sow- 
ing at three rates. 

Potassic Fertilisers : Muriate of Potash. 

Potash Manure Salts. 

Spacing of Plants. 


Long Hoos, 1927 

(a) Manuring Experiment. 
N.W. 


A B G 


S. N2 

C4 

S. 0 

C3 

S. No 

0. N3 

0. 0 

S. XI 

C2 

O, XI 

S. 0 

C4 

L 

K 

L 

K 

L 

f. 

K 

K 

K 

1 L 

L 

I\ 

S. N3 

Cl 

0, N1 

0, N3 

0, N1 

S. 0 

C3 

C2 

Cl 

S. Nl 

S. X3 

0, 0 

K 

L 

K 

L 

K 

K 

I. 

L 

L 

K 

K 

L 

O. 0 

S, N1 

C2 

0. N2 

0, N2 

S. N2 

Cl 

C4 

0, X2 

S, N2 

C3 

0. X.J 

L 

K 

L 

K 

K 

K 

L 

L 

L 

K 

K 

L 

S. N2 

S, X3 

C2 

C3 

S. N2 

0,0 

r4 

S, X3 

0, N3 

S. NI : 

S. X3 

O, XI 

K 

L 

K 

L 

L 

I. 

K 

K 

K 

L 

L 

K 

0, XI 

0, N2 

0, N.3 

S,0 

S, NI 

0, N2 

0. XI 

S, 0 

S, N2 

0, N2^ 

0,0 

n 

L 

L 

K 

K 

L 

L 

L, 

I. 

I. 

K 

K 

I. 

GO 

Cl 

C4 

S, N1 

C2 

0. X3 

Cl 

C3 

Cl 

C2 ^ 

(4 

S, 0 

K 

K 

L 

I. 

K 

K 

K 

K 

K 

c ; 

1. 

K 


D E F 


SvSTM OF Ruflicatiox ; 

Sil raiKkroused blocks o( 12 plots «ach. 

Area of plot « .024 acre. 

O, : No basal dressing. 

, O : No top dirasing. 

S ; Basal dressing of 1 cwt. per acre Sulphate of .^mmonia. 

C fl, 2, 3, 4) : Basal dressings of Cyanamide cquivalrnt tn 1.2. .'I and 4 rwU per arre Sulphate of .-tnuiK'tii.i. 

, N f I, 2, 3) : Top dressings of Nitrate of Soda cquivaletil to 1. 2 an<l 3 cwt. p*’r acre Sulphate of .Amnioiiia. 
Each adjoining pair of plots allotted at random to receive 2 cwt. per acre Muriate of Potash ( K) nr cquo alrnt I’otasB 
Manure Salts (L). 

All plots had ^ tons per acre (approi.) of London Refuse. .. 

Cyanamide app1ie<] June 1. Other nasal Manuris June 8-9. Top Ofessirig August 10. S(«i sown Juitf 
Pulled Novembiw 21~r>cembcT 10. 
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Blocks. 





Roots—, 

Actual Weights in 

lb. 






0,0 ' 

1 

S,0 1 

ONI 

■ 0,N2 

i 0,N3 i 

C2 

i C3 ; 

C4 ; 

s,m , 

; S,N2 I 

S,N3 

: A 
i B 
■ C 

P 

E 

F 

153.5 ' 

150.5 ; 
157.75 i 

203.5 1 
190.0 

117.5 i 

1 207.26 

1 177.75 

1 173,75 

1 211.25 

147.5 

118.5 

190.25 i 

144.5 
159.0 : 

, 189.0 
! 121,0 

108.5 ' 

193.75 

152.75 

200.75 
229.0 

153.75 
151.25 

197.2.5 
: 149.7.5 
167,0 
222.75 
; 197.5 
j 137.25 

‘ 204.5 
185.5 1 

583.25 1 
: 198.5 ■ 

196.25 ' 
151,75 

216.1) 

' 199.25 
' 198.75 
i 243-25 

1 197.75 
i 117.0. 

' 204,75 i 
202.5 
132.0 ^ 

245.25 , 

165.25 
; 155 75 

227.25 ^ 

214.5 : 
200-25 ^ 

208.5 j 
203.75 i 

112.5 I 

208-0 i 
197.0 , 

177.75 

217.25 

215.25 

151.75 

228.0 ^ 

178.25 1 
163.0 1 

220.25 
2U,75 

141.25 

1 200.0 
174.5 
' 164.25 
i 245.25 

1 177.0 
i 152.0 






Tops— 

-Actual Weights in lb. 





A 

B 

C 

D 

E 

F 

47B.O 

437.0 

455.0 

605.0 

473.0 
357.5 

542.0 ’ 
i 451,0 ‘ 
; 465,0 , 

566.0 
j 382,5 
' 358.0 

647.0 ^ 

415.5 

544.5 

506.0 

419.5 

366.5 

564.5 
503.1) 

664.0 

766.0 

424.5 

477.5 

! 646.0 

596.0 

564.0 
737.5 
655 5 
4.55-0 

: 666.5 
715.,5 

634.5 
; 738.5 

738.5 

542.5 

: 656,5 

548.5 
,578,5 

703.0 

643.5 

372.0 

584.5 

565.5 

455.0 

716.5 

548.0 
196-5 

719.5 

649.5 

644.5 

735.0 

597.0 

369.0 

■ 612.0 
: 621.5 
‘ 596.0 

678.5 
711.0 

482.5 

831.0 

559.0 

580.0 

739.5 

774.0 

475.5 

; 836.0 
734.5 

1 597.0'“ 

; 822.5 
: 652.0 
547.0 i 


Summary of Results, averaging the Nitrogenous Treatments. 


Average Yield. 

Muriate of 
Potash. 

Potash j 
Manure Salts. 

Mean. 

1 Standard- 
Error. 

Roots, tons per acre 

3.30 

3.45 

3.38 

0.05 [ 

l^oote, per cent 

97.7 1 

102.3 

100.0 

1.48 i; 

Tops, tons per acre 

10,60 i 

11.04 

10.82 

i 0.161 li 

Tops, per cent 

.. : 98.0 ! 

j 102.0 1 

100.0 

1 ■ 1 


Summary of Results, averaging the Potash Equivalents. 



Average Yield in 

tons per acre. 



.Average Yield per centr '’ 



Top Dressing in cwt, 
acre S/Amni.* 

per 

Top Dressing in cwt, per | 
acre S/Amm. j 

0 

' 1 

2 

3 

0 

1 

2 

3 ! 

I 

["No Basal 

... 3.01 

3.35 

3.32 

3,47 

89.2 

99,3 

98.4 

102.8 ! 

Ihiots 

, Cyanamide 

... 3,21 

3.63 

3.43 

3.62 

95.1 

107.6 

101.5 

107.1 ' 

I 

[^Sulphate of Ammonia 

... 2,S0 

3.62 

3.54 

3.45 

84.6 

107.2 

104.9 

102 2 

: 

( No Basal 

... : 8.70 

10.54 

11.33 

12.51 

mA 

97.4 

104.7 

115.6 

ITops ^ 

Cyanamide 

... - 8.57 

10,86 

10.44 

11.52 

79,2 

100,3 

96.4 

106.4 

i 

(^Sulphate of Ammonia 

... ■ S,()8 

11.48 

12.27 

12.99 

80.2 

106.0 

113.4 

; 120.0 


Standard Error ; Roots, 0.14 tons or 4.15 per cent ; Tops, 0.48 tons, or 4.45 per cent. 


• Cyanamide plo^ rwrivwl no Top Drrwityt, and the entumns of the table irfcr in the case of this manure 
w ilrpssingg equivalent to I. 2, 3 and 4 cwts, per acre Sulphate of Ammonia. 

Potash Manure Salts show significant superiority over Muriate. There is a significant 
single top dressing, only the leaves showing any further response to the highest 
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SUGAR BEET.— (Co«^.) 
Long Hoos, 1927. 

(b) Spacing Experiment. 


Manuring as on previous pagp. 

SvsisM OP Replication : 21il pl iti, (a' fi 
.008 acre, in sets of 3. 

N ^ U in. spacing. 

M 18 in. sparing. 

\V 22 in. sparing. 


Strip Totals in lb. (left to right). 


' Roots. 

Top.s. 

Strips 

N 

M 

W 

\ 

M 

\V 

1 

494.75 

361 75 

377.75 

1780.5 

1269.0 

1207.0 

2 

487.00 

439,50 

395.25 

14.58,5 

1391.0 

1150.0 

3 

493.25 

357.75 

408.25 

1541.5 

1203.0 

1200.0 

4 

490.50 

392.75 

3 1 4. 1 0 

1537.5 

1230.0 

1030.5 

.5 

450.50 

319.00 

326,25 

1645.0 

1246.0 

1071.0 

0 

411.75 

350.25 

337 (M) 

1487.5 

1272.0 

946.0 


454.75 

299,25 

290.75 

11780 

883.5 

796.0 

8 

430.75 

314,00 

312 25 

1435.0 

877.0 

978.5 

9 

383,75 

305,25 

262,00 

1179.5 

936.0 

868.0 

10 

369.25 

304 .50 

273.75 

1152,5 

1134.0 

8630 

11 

340.00 

264.25 

233.00 

1257.11 

851,5 

761 5 

12 

31W.75 

292.25 

269,75 

1143.0 

1030,5 

901.0 


Summary of Results. 


Average ^deld. 

\ arrow 
Sj>a‘ ing. 

Medium 
Spa. ing. 

Wide 
Si*a. mg. 

.Mean. 

St:ind,iril 

I-'rri)r. 

Rfx>ts, tons per arre... 

4.04 

3 10 

2 99 

3 38 

II 062 

Roots, pt'f lent. 

1 1 9.5 

91 8 

HH,6 

iwro 

1 81 

Tops, toni per a< n- ... 

1 3,02 

10 33 

9 12 

10. 82 

(1 21'J 

'roi>s, Txr cent. 

120.3 

95 4 

Kl 3 

KHl.ii 

2 :{() 


The narrow spacing givrs a significantly higher yield than the mediutn and wide 
while with tops the me<lium spacing also docs significantly l>etter than the wide. 
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SUGAR BEET. 

MANURING. 

Nitrochalk as top dressing, applied:— (a) early; (b) early and late. 
Superphosphate. 

Muriate of potash and potash manure salts. 

CULTIVATION. 

Subsoiling. Ridging. 

Great Harpenden, 1928, 

N.W. 



R F 

F 

R 

R 

F 

R 

F 

R 

F 

F 

R 



1 

2 16 ; 

1 ^ 

5 

10 

9 

12 

11 

4 

3 

7 

8 

0 

Variety: Dippe, 

System of Reflicatiom : 12x12 

H 

1 ® 

5 

9 

3 

7 

11 

10 

6 

4 

12 

2 

s 

Latin Square. 

-Area of Plot : .014 acre. 

III 

6 ; 3 

2 

11 

5 

: 10 

4 

7 

12 

8 

1 

9 

0 

Treaimests ; Mnriate of Potash 
at the rate of 2 cwt. per acre or 

IV 

7 5; 

9 

12 

4 

i 8 ' 

0 

3 

2 

1 

11 

10 

s 

equivalent Potash Manure 
Salts {30%}. Superphosphate 
at the rate of 2 cwt. per acre. 


12 , 4 

8 

3 

11 

6 

5 

I 

9 

10 

2 

7 

s 

Top dressing ol Ritrocbalh at 
the rate of 2 cwt. per acre, 
applied early (June 23), and 

;i 

3 10 

U 

7 

T 

12 

2 

4 

3 

5 

9 

0 

0 

both early and late IJuiy 21}. 
.\L1 plots had basal dressing of 

(W 

4 2 

3 

1 

9 

5 

10 

fi 

■; 

12 

8 

H 

0 

10 tons compost in wiuter. and 

2 cwt. per acre Sulphate of 
Ammonia with other artihcials 

VllI 

10 1 

12 

8 

2 

U 

I 

9 


6 

3 

4 

s 

on May 4. 

K, F= Pairs of strips one way 

IX 

3 12 


4 

8 

1 

n 

2 

10 

11 

0 


s 

allotted at randem to ridged 
and flat seed bed. 

X 


10 

2 

6 

4 

s 

12 

11 

7 

r> 

3 

(’i 

allotted at tatidom to sub-soiling 
and '* not " sub-soding. The 

XI 

T) 11 

0 

10 

7 

2 

:i 

8 

1 

9 

4 

12 

0 

1 2 plots of e.rrh treatment had 3 
alblted to each of the 4 culti- 
vation IrratnicnU. 

XII 

1! 9 

4 

6 

12 

3 

T 

.') 

s 

2 

U> 

1 

s 

fyvil sown May 5; nxits lilteil 
iK tober 26-Noveinber 3. 


Key to Treatments. 

M;mure. 1 2 3 4 Ti 7 H 9 U 12 

Mur./Pcit. ' X X X X V X 

P.M.S 5 X X X X X 

Sujw ; XX XX XX 

i^ilrw-halk (early) : X x X x x \ x \ 

Nitrochalk (late)... j : X X x \ 
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SUGAR BEET, 1928 (cont.) 
Actual Weights in lb. — Roots. 


Row. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 


I 

204.5 

238.6 

304.5 

284.0 

289.5 

204.0 

317.0 

864.0 

265.5 

278.0 

236.5 


II 

210.5 

323.5 

327.0 

317.5 

236.0 

286.5 

298.5 

218.0 

336.0 

267.5 

334.5 


III 

2S9.0 

264.5 

285.5 

333.5 

313.5 

242.5 

293.0 

311.0 

293.5 

295.5 

819.0 


IV 

303.0 

288.5 

270.0 

264.0 

238.5 

339.5 

253,0 

291.5 

280.0 

836.6 

290.0 


V 

248.5 

279.5 

277.0 

287.0 

302.5 

276.5 

313.0 

281.5 

332.0 

322.0 

252.0 


VI 

262.0 

340.5 

293.0 

283.0 

279.5 

275.0 

274.5 

284.5 

284.5 

255.5 

272.0 1 


VII 

222.5 I 

207.5 ; 

252.5 

215.5 

290.5 1 

243.0 ■ 

307,0 

292.0 

317.0 

345.5 

291.0 i 


VIII 

302.0 i 

266.5 ! 

323.5 

361.5 

269.5 ' 

332 0 ; 

180,0 

281,0 

239.5 

232.5 

282.5 i 


IX 

256.0 

246.5 ; 

214.0 

273.5 

401.0 : 

308.5 ; 

231,5 i 

277.0 

312.5 ; 

290.0 

273.5 i 


X 

215.0 

305.5 : 

362.0 

261.0 

365.0 i 

299.5 : 

363.0 ; 

369.5 

173.0 i 

269.5 

324.5 : 


XI 

328.0 i 

290.0 : 

315-0 

347.0 i 

270.5 • 

244.0 : 

299.0 . 

281.0 

332 5 i 

297.5 

244.5 1 


XII 

397.5 ' 

33.5.0 

283.5 

262.0 

272.0 1 

[ 

324-5 i 

326.5 

311.5 

259.5 1 

355.0 

272.5 1 



12 


274.0 
2920 

307.5 

287.0 

280.0 

301.0 

312.0 
2110 
245 5 

211.5 
405 5 

322.5 


Actual Weights in lb. — Tops. 


j Row. 

1 

2 i 

i 3 

4 1 

5 

6 

7 i 

8 

9 1 

i 

in 1 

n 

12 

I 

304.5 

412.0 1 

360.0 

324 0 ; 

367.0 

427.5 

380.5 

423,0 

364,5 ■ 

360.0 i 

3.325 

409,0 

II 

362.5 

331.5 : 

347.0 

339.5 

390.0 

339.0 

408.5 : 

412.0 

433 0 

385.0 

432.5 

3G0.5 

III 

2515 

.349.5 

344.5 

311.5 

:CJ85 

;i.>9 5 

333.0 

330,0 

340,0 

425.0 

406.0 

. 3 . 5:1 j 

IV 

325.0 . 

275.5 

306.5 

305.5 

327.0 

:V>5.() 

286.5 

358.5 

430.0 

362.0 

354.5 

367.(1 

\ 

273.5 

278.0 ' 

264.5 

3890 

303.5 

2s80 

:104.0 

339.0 

378.5 

:W8.5 : 

.346.5 

.37(),i| 

VI 

311.5 

299.0 

272.5 

239.5 

2e>5.() 

297.5 

341.0 

402 0 

34.5 0 

388.0 

377,0 

:t62i) 

VII 

298.0 : 

247.0 

302.5 

:«0.5 

321 0 

31.'. 0 

3:9 ).5 i 

332.5 

;i61.0 

:J85,5 J 

:ilK)5 

:t'K>.o 

VIII 

305 5 

3.32-5 

35.‘'.0 

:i5e..5 

3.52.0 

3.59.5 

317.0 

3<V4.0 

333.5 

4145 

;)44 U 

;397 .'1 

IX 

27.5.5 

323.0 

319.5 

:138.5 

354.0 

;u.'>o 

503.5 

356.0 

325.5 

;^vo 

352 5 

4 41, .7 

X 

335 5 

357.0 ■ 

3.53.0 

275.5 

368.5 

395. 5 

357,0 

34.3.0 

312.5 

467,0 

;i.59.5 

35 If) 

XI 


310.5 

;U)3.5 

;«n;i5 

358.5 

461 5 

396.0 

3tV4.5 

382.0 

473.5 : 

517 5 

394.5 

XII 

409.0 

351.0 

371.5 

433.0 

406.5 

472.0 

459.5 

412-5 

539.5 ; 

387.5 

464.0 

545 5 


(1) Summary of Average Yields— Separate Treatments. 


Top Dressing. 

0 


Early. 

Early 

and Late. 


Super- 

phosphate. 

Xo Super- 
phosphate. 

Super- 

pho.sphate. 

No Super- 
phosphate. 

SuiXT- No Siiper- 
; jihosphate. phosjhate. 

Roots, tons per acre. 
Muriate of potash ... 

9.33 ; 

8,47 

9.18 

9.37 

901 

9.16 

Potash manure salts 

9,27 

9.00 

0,47 

8,97 

9.22 

9.42 

Tops, tons per acre. 
Muriate of potash ... 

10,37 

10 12 

H.T4 

n 03 

12 20 

12. OH 

Potash manure salts 

10,48 

10 27 

n.TO 

It 81 

12 03 

12 ii:i 

Sugar in roots, percent. 
Muriate of potash ... 

17.fl,S 

17 82 

1771 

17 72 

17,20 

17.20 

Pota.sh manure salts 

17.98 

17 9tJ 

17,. 58 

17.:>2 

17.31 

1 T.;50 


(2) Summary of Significant Results — Manuring Experiment. 



No 

I'.arl y 

Karty and 


Sfarwlanl 

MufUtr 

Potash 



AvrraKr Wld. 

lop 

lop 

1 1.ate Tup 

Mran. 

irtor 

.4 

Mamirr 

No. 

Super. 


nr"«(smf; 

(Xr^inj;. 

1 iXrssing. 


(4) 

Potac'h, 

Salts, 

Super, 

Ra(}ts, toiLs prr ar rr 

902 

9 25 

919 

9 15 

0 13 

9 0M 

9 23 

9.06 

9 25 

Roots, per crnl. ... 

9m. 5 

101.0 

100 4 

IOTM) 

1 :t8 

99 2 

UK 18 

99.0 

into 

Tops, tons prr nrrr 

10 ;M 

! 1 59 

I2.:te 

11 1:1 

0.16 

1! 26 

It (VI 

1 1 32 

11 .54 

Tops, per Cent. ... 

902 

: 1014 

; 10M4 

loon 

1,4<J 

0M 5 

10] 6 

990 

into 

Sugar percentage 

i 17M 

17.63 

1 1727 

1761 

ofw ; 

17.61 1 

17.61 ' 

17.60 

17,63 


{aj Rti*-n to mram <*1 4 h plot?, (ft) Krlrni to inratui vi 72 plots. 


The effect of the nitrogenous top <lres<tinK is the only significant result. There wa.s a 
cant resj)onsc with tops but not with roots The ;tp[ilii;ation of top dressing depressed the sug* 
content significantly. 
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SUGAR BEET. Great Harpenden— 

Cultivation Experiment. 
Column Totalb (left to right). 


: R 1 F : F 

rf 2887 ': 2^.5: :J0;«) 

W i ’ U2H : im 4755 

SUoj plants ... ; 2965 29-36 : 3070 


R : K 


34f^7.5 :U78 
44>'1.5 43951^ 
3422 3246 


i' R F R F F'R; 

:i3.92 fW9.5.5 :3n92 3622 3785..5 3695 ■ 4124 

4104.5 42;i3 39C.3.5 4111.5 4166 4062 4231.5 

2?sy7 3162 2544 2896 2770 2335 2970 


Row Totals (top to bottom). 


iimii. ii>. ... 
r..p>. ill. ... 
Nimikr of plants 


32(i0 ;M46.,5 

4464 ,5 454 1 
29h2 3025 


349S 3441. .5 

4172,5 41153 
2053 30.^l 


:i4r.l,5 3405 
:Pvs9 39fXI 

299b 2S53 


3296 :l;Ki5.5 

3926 42;i4.5 

2661 3016 


;i.329.5 3519 
4290-5 4275 
■3022 2962 


:3654.5 3722 

4620.5 5251.5 
2937 . 3023 


Summary of Results — Cultivation Experunent. 


.\vorage Yield. 


koiJts. tons \M.'V acre ... 
Roots, per cent. 

Top.s, tons ixT acro... 
Tops, per cent 
Koots.nurnbcr per in to 
H oots, number per cent. 


: St.mdard Not Sub- 


Hidged. Mit. Error. 


stilled 


11..52 

I04.tt 

U.id 

IS.5!:} 


S,7S 
im 0 
11.411 
99 7 
1 H91 7 


1 1.2 7 
2,94 
0.20 

1 72 

:udr4 

2 09 


9.14 

99.8 
11.2/ 
98 
1740 

98.8 


lb- Sub- 

Standard 


Soiled. 

Error. 

Mean, 

9.17 

0-10 

9.15 

100.2 

i l.OG 

100.0 

8 11.68 

: 021 

: 11.43 

: 101.7 

].S 5 

i 100.0 

19 i 1 8021 

80 0 

• 17715 

; 101,7 

0.45 

100.0 


R„lg<.d Ix-ats flxt m .h.- . O n».s. ”n 

soiling produced a significantly larger ntimbcr of roots, but Hus «.is not 
vieltl. 
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Swedes : Comparison of Phosphatic Fertilisers, Phosphate of 
Ammonia and Superphosphate ; also of Sulphate of 
Ammonia and Urea. 


Long Hoos, 1927. 


N.E. 


I 

3 ; 1 

5 

1 

^ 2 

4 

II 

I 5 ! 4 

\ 

\ 2 

I 3 

\ 

III 

: 4 i 5 

i 3 

1 

2 

IV 1 

12: 

’ 4 

5 I 

3 

V j 

2 : 3 1 

1 4 

' 5 


Systzm of Replication : I^atin Square. Plots, ^ acre. 

Supplying 75 lbs. P» 0» and 14.75 lbs. N. peracre, 

1. Urea equivalent to 2. 

2. Sulphate of Ammonia at the rate of | cwt. per acre. 

3. A mmo nium Phosphate at the rate of 1.1 cwts. per acre. 

4. Urea as 1-1- Superphosphate at the rate of 4 cwts. per acre. 

5. Sulphate of Ammonia as 2-1- Superphosphate at the rate of 4 cwt^. p^r 
acre. 

All plots received 1 cwt. Muriate of Potash per acre. 

Manures applied June 20. 

Seed sown June 23 ; roots lifted November 25 and 30. 


Actual Weights in lb. 


Row. 



Roots. 



Tops. 

1 

2 

3 

4 

6 

1 

2 

3 

4 

5 

1 

1236 

1488 

1196 

1428 

1280 

473.0 

497.0 

465.6 

437.5 

498.5 

II 

1448 i 

1296 

! 1472 

1248 

1252 

428.0 

454.0 

484.0 

478.5 

.523 0 

III 

1468 

1408 

: 1328 

1264 

1 1264 1 

467.0 

425.5 

482.6 

519.0 

473.0 

IV : 

1236 

1308 

i 1456 ; 

1324 

’ 1416 ; 

481.5 

603.0 

414.0 ! 

! 478.0 

4370 

V 

1252 

1168 

j 1362 

1472 

1504 ; 

444 5 i 

481.5 

495.5 

1 431.0 

434.0 


Summary of Results. 


No Phosphate. Phosphate applied. 


Average Yield 
per acre. 

Urea. 

Sulphate. 

Amm'uiurn. 

Phosphate.! 

(Yea and 
Su|>er. 

Sulphate 
: and Super. 

Mean. 

Standard 

Error. 

Roots, tons ... 

14.82 

; 14.88 

15.19 

15.04 

14.99 

14.98 

022 

Roots, per cent. ' 

98.9 

: 99.3 

101.4 : 

100.4 

100.1 

lOO.O 

1 .45 

Tops, tons 

5.12 

6.27 

i 5.23 

6.23 

6.28 

6.23 

; 0.12 

Tops, percent. 

98.0 

i 100.9 

1 100.0 

100.1 

101.0 

100.0 

2,32 


The yields on the Phosphate plots appear to tjc greater than those on the no- Phosphate plots, 
but the difference is not significant. 
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CULTIVATION EXPERIMENT. 

Rotary cultivation : method of making a seed bed. 
Barley, Sawyers Field, 1927 . 


StSTE.M Of RtcLiCAtius 1 Tjiplic.ite strips. Plots acre, 

S ~ prepared by Siinar rototiller, .\pril 14, 1927. 

C„ C, = as S in 192(5, but treated as C in 1927, 

C =- Horse cultivated and disc harrowed, May 2. 

P = Ploughed, Apnl 5 and U ; drag harrowed and rolled, May 6, 1927. 

All plots previourly ploughed in January, 1927. 3 cwt. Superphosphate, 1 cwt. 
Muriate of Potash and I c.wt. Sulphate of Amtnoiila per acre, applied over whole 
area, April 19, 1927. 

Barley sfjwn, .May 7. Han'iested October 3-12. 


Actual Weights in lb. 




drain. 

S diicf C 

c. 

P 


1 

409.75 

282.875 

284.125 


2 

400.5 

301.125 

345.75 


3 

38.3.75 

344,75 

308,875 


1 Total 

1194.0 

928.7.5 

938.75 


Straw. 

S and C 

(' 

P 


I 

002.0 

473,5 

439,0 


2 

098.5 

iUl.5 

021,5 


3 

702.0 

lKH,5 

027.0 


' Total 

2002,5 

1710.5 

1087.5 


Summary of Results. 




S uiitf C 

0 

V 

‘^haiti, cwts, jicr 

acre 

12.0 

10.1 

10,2 

<'ram, per cent. 


117.0 

91 .0 

92. 

Straw, cwts. per 

acre 

21,7 

18,0 

18 3 

Straw, per cent, 


111.1 

9.5 ,.3 

93.0 


Standard 
iMean. Error. 

11.0 0.54 

100.0 ; 4.S9 


10.3 0.40 

100,0 2.35 


riots cultivat«l will, the imrlcmont i,i IMil *««' s>si,iiic.wt S’'V'^' 1 'writy over others 
^oth grain and straw in 1027. This was probably a rfsuluai elUx t from prc\ tons > ears, as o y 
one of these plots was in 1927 treated ditlcrently from the horse cultivated plots. 
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CULTIVATION EXPERIMENT. 

Swedes, Great Harpenden, 1928. 


s 

I n III rv 



No Farmyard Manure, except that plots marked • were dunged in error. All plots 
had 2 crtt. Sulphate of Ammonia, 2 cwt. Muriate of Fot^h and 2 cwt. Super- 
phosphate per acre, applied May 5. 

A = Ridged Seed bed. 

B — Prepared by Simar rototilJer, then ridged. 

C = Prepared by Simar rotatiller, but left flat. 

D = Prepared by Simar rototiller, left flat, and Simar implement usetl again' between rows in July. 
Special cultivations May 7 9. Seed sown. .May 9. Roots lifted November 21-25. 


Actual Yields. 


Roots in Ib. Tops in lb. j Number ol Roots. 

Block. ; 


! 

; A 

H 

C 

D 

A 

B 

C 

D A 

B 

C 

1) 

I 

2804 

2886 

2529.5 

2064 

124 

126.5 

98.5 

90 ; 1018 

991 

903 

m 

II 

2392 

2417 

2062 

1967.5 

100 

107 

85.5 

87.5 i 1011 ! 

1022 

784 

77.^ 

III 

2395 

2437 

2039 

2046.5 

89 

103.5 

76 

90.5 1 929 i 

899 

! 832 1 

730 

; IV 

I 

' 2566 

2472.5 ; 

2381.5; 


168 

131.5 ' 

122.5 

91.5 1 954 1 

! 1 

966 

I 805 

776 


Summary of Results. 


1 

Average Yield. 

Ridged. 

Simar and 
Ridged. 

Simar and 
Flat, 

Simar, flat 
and Simar ; 

Mean. 

j Standard 
' Error, 

Roots, tons per acre ... 

22.67 

22.80 

20.12 

18 02 i 

20.90 

^ 0.50 

Roots, per cent. 

108.5 

109.1 

96.2 

86,2 

100.0 

2.30 

; Tops, cwt. per acre ... 

21.03 

20.92 

17.08 ■ 

16.05 

18.77 

1 13 

! Tops, per cent. 

112.0 

111.4 

91 0 

85 5 

100.0 

6.03 

j Ro^, number per acre 

19560 j 

19390 

16620 

15470 

17760 

338,H 

1 Roots, number per cent. : 

J 

; 109.2 

93,6 

87.1 

100.0 

1,91 


Significant depression in both roots and tops in the case of the plots simareil and left Hat. 
A fjifther significant depression with roots in the case of the doubly simared plots. These 
depr^sions are accounted for by the decreased numbers of plants. 
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UNIFORMITY TRIAL, 


Oats, Sawyers Field, 1927 . 


s.w- 

Hot A C D E F G H 



Area of each plot : ,6 acre. 

Area was dunged in 1926 for Swedes. No other 
manure. 

Sown February 18-19. Harvested August 22, 23, 


Actual Weights in lb. 




Plot. 

A 

B 

C 

D 

E 

F 

G 

H 

Total, i 





Total 

Grain. 




1 

6 


274.5 

265.375 

289,0 

282. t25 

290.375 

271,0 

261.5 

1933,875; 

i) 

2.52.0 

263.25 

255.375 

230,75 

313.625 

276.625 

234.625 

258.875 

2085.125: 

4 

' 220.25 

249.875 

3-)0.375 

242.0 

310,500 

280.625 

255,25 

229.125 

2047.000 : 

.3 

: 229 25 

251.625 

26.5.75 

259,375 

262.000 

257.000 

235.625 

268.875 

2029.500 . 

2 

' 207.25 

244.625 

238.0 

231,375 

215.2')0 

262.875 

237.25 

225.25 

186i.875! 

1 

187.375 

212.125 

223.75 

220.25 

210.875 

232,125 

229.875 

242.25 

1758.625 : 

total 

1105.125 1496.000:1498.625 

1472,750 1594.375 

1599.625 1463,625 1485,875 11716.000; 





Total Straw. 




: 

i 

(5 


259.5 

234.0 

272.0 

259,0 

288.0 

255,0 

282.5 

1850.0 


252.5 

266.0 

236 5 

236.5 

3ovi,a 

270.5 

277.5 

287.5 

2127.0 

4 

241.5 

256 0 

237.0 

237.5 

256,5 

284,0 

250.5 

259.5 

2022.5 

3 

256,0 

267,5 

26)0.5 

252.0 

246.0 

259.5 

252.5 

274.0 

2068.0 

2 

246.5 

273 0 

238.0 

2280 

218,0 

269.0 

257,0 

261.0 

1993.0 

1 

225.0 

241.0 

222 5 

235.0 

211 0 

249.5 

2420 

273.0 

1899.0 

Total 

1223.5 

1.563,0 

1428 5 

1461.0 

14W,5 

1621.0 

1534,5 

1637.5 

11959-5 


Summai*y of Results. 


Grain. Straw. 


lb. cuis. Ib. cwts. 


Average Yield per arre 22 .3 

Standard deviation 20.3. 2 30 l.to 

I Standard deviation per cent. ... 10.6 7.7 
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WOBURN. 


Barley : Effect of fertilisers on yield and quality. 


Butt Close, 1928. 


s. 

A B 



n|n 

■ 1 N i 1 

1 

i N 

i ^ ^ 

j 

N 

K! P 

0 i K ! K 1 K 1 P 

O i K 

K i K ■ N : N 

P i N 



! p 1 : p 1 

i P 

P : P j 

1 K 



c 


D 




N : : ' 


^ N ‘ 


: N 

; O N 

K ; P ; N : K K 

0 : K 

; N : K N ' P 

^ K ^ N 

K 


P i P 1 P 


P P K 

P i 


SvsTEM OF Replication : 4 randoiu 
is«d blocks of 8 plots each. 

Area of plot : ^ acre. 

Trbatments : 

0=No manure. 

Sulphate of Ammonia (N) at the rate 
of 1 cwt. per acre ; Sulphate of 
Potash (K) at the rate of U cwt. per 
acre, and Superphosphate {P| at the 
i;ate of 3 cwt. per acre, in all com- 
binatioas. 

Manures applied April 19. 

Barley sown, March 17 ; Harvested 
Au^t 9. 

Variety: "Spratt Archer.” 


Actual Weights in lb.™ Total Grain. 


Block. 

1 

0 : 

P 

N 

K 1 

NP 1 

! 

KP 

NK 

NKP 

A 

43.25 

37.25 

61.25 

78.76 

55.5 ; 

43.25 ' 

67.25 

31.25 

B 

34.0 

61.25 : 

1 48.0 

57.0 i 

38.75 : 

66.0 ! 

64.0 

57.25 

C 

42.0 

41.0 

i 47.0 

65.76 i 

43.75 

44.0 : 

45.25 

42,5 

D 

23.26 

52.25 

1 77.75 

53.75 1 

60.5 

69.76 ' 

46.5 

; 53,25 


Actual Weights In lb.— Total Straw. 


Block. O P 


A 59,75 54.0 

B 45.75 62.0 

C 67.0 52.75 

D 40.25 55.6 


N K I NP 


86.0 

93.25 

80.75 

55.75 

60.75 

54.5 

75.5 

73.75 

70.75 

80.0 

68.6 

86.0 


KP : 

NK 

NKF 

56.0 i 

94 5 

44.75 

79.6 ■ 

81.0 

71.0 

59.0 

77.75 

65.0 

63.75 

64.0 

68.5 


Summary of Results. 


Avcra^ Yield. 


1 No ' c cr. c 'U » S/Amm. S /Potash S/Am. f 
^Manare.i >/Ainm. S;Potash^^„p^ ^ Super. s4k>tash, 


Mean. 


St.inc!arci 

hnor. 


Grain, cwts. per acre 

12.7 ; 

17.2 

; 20.9 : 21.0 ; 

17,7 

19.0 

199 

Grain, per cent 

60.8 

94.2 

114.7 1202 

97.3 ; 

104.4 

109,3 

Straw, cwt*. per acre 

10.0 i 

20.0 

26.5 1 26.5 ; 

26.1 ; 

2.3.1 

27 4 

Straw, per cent 

79.6 : 

83.9 

: 1113 ; 110.9 ; 

109.3 1 

96.7 

115 0 ; 

Per cent. Nitrogen in dry; 
matter of grain 

1.316 

1296 

1.340 1 1.387 1 

1.398 

1.328 

1.346 


16.5 1S.2 

00.3 

22. 3 23.0 

03.3 lllO.O 

1.872' 1-34^ 


0.60 

0 . 03 « 


Significant interaction of the nitrogenous and potassic fertilisers. In the ab^nce o 
other increased the yield significantly, but in the presence of one there was no effect “ 
adding of the other. With straw there was a direct significant response to Sulphate ot An 
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WOBURN. 

Potatoes : Nitrogenous Fertilisers. Sulphate of Ammonia and 
Cyanamide, each in single and double dressings. 

Lansome, 1926. 


I 

2C 

IS 

1C 

0 

; 2S 

II 

IS 

1C 

2C 

2S ^ 

0 

III 1 

2S 

2C 

0 

1C 

IS 

IV j 

0 ■ 

2S 

IS 

2C ; 

1C 

V 

1C 

0 

2S 

IS i 

2C 


Variety : King Edward. 

System of Replicahom : Latin Square, 
Area of each plot 28 ft. x 31 ft.= ^ acre. 
Treatments : 


0 ; Control. 

IS : 1 cwt. Sulphate of Ammonia pwr acre. 
2S ; 2 cwt. Sulphate of Ammonia per acre. 


ic. . amgie \..yaijaimde = 1 cwt. S/Amm. 

2C : Double Cyanamide = 2 cwt. S/Amm. 

All plots had a basal dressing of Farmyard Manure, Sulphate of 
Potash and Superphosphate, applied with S/Amm. in the 
bouts on May 10 ; 2C applied April 23 ; 1C on April 30. Dung 
carted and spread May 3-8. 


Potatoes planted May 10-12 ; lifted October 11-12. 


Actual Yields in lb. 


Rows, 

0 

1C 

IS 

2C 

2S 

I 1 

293 

368 

370 

380 

387 

II 

322 

331 

320 

354 

334 

III 

268 

332 

321 

359 

370 

IV 

292 i 

298 

322 

347 

347 

^ i 

282 i 

298 

321 

295 

322 


Summary of Results. 


Average 

No 

Single 

Single 

Donble 

Double 

Mean. 

Standard ' 

Yield. 

Nitrogen. 

Cyanamide Sulphate, 

Cyanamide Sulphate. 


Error. 

Tons per acre 

6.50 

7.26 

7.38 

7.75 7.86 

7.35 

0.20 ! 

I’er cent. ... 

88.5 

98.8 

100,4 

105,4 

106.9 

100.0 

2.71 1 


^significant rcsjH)nRO to nitrogen in Iwth single and double drcssing.s. The difference betMxen 
Sulphate and Cyanamide is insignificant. 
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WOBURN. 


Potatoes : Effect of Superphosphate. 


1927. Butt Close- 
Vaiiety; Arran Comrade. 


s. 


1923. Stackyard. 

V'aricty /Row I, Ally. 

\Rows 11, 111 and IV, Majestic, 

N.W. 


I 

! 9 

3 

6 

0 

I 

6 

3 

0 

0 

II 

: 6 

9 

0 

3 : 

11 

9 

0 

6 

3 

III 

: 0 ' 

’ ^ 

3 

9 

III 

3 

6 

9 

0 

IV 

1 ^ 

0 i 

9 

6 

IV 

0 

9 1 

3 n 


System of Repucation : 4 x 4 I^tin Square, Area of each plot acre. 

TasATMEMS : Superphosphate at the rate of 0, 3, (i and 9 cwts. per acre. 

Basal Dressings — 1927 : 10 tons F.Y.M. per acre. 

1923 : 14 tons F.Y.M., 1} rwts. Sulphate of Ammonia and cwts. Muriate of Potash per acre. 
ArtiheiaJ Manures apphed / 1927 : June 15-lfi. 

\1923; tiiy 5-9. 

Potatots planted /1927 : June 2.'i. Potatoes lifted /1927 : October 27-23- 

\1928 : May 5-9. \1923 : October 24-26. 


Actual Weights in Ib. 


11127 1928 

Row. ; i 

0 3 0 9 0 3 6 0 


I 

234 

231 

257 

245 

713 

716 

691 

77! 

II 

259 

244 

208 

239 

708 

776 

894 

83: 

III 

217 

24.> 

221 

205 

743 

712 

773 

86: 

i IV 

1 

198 

198 

200 

224 

■580 

804 

778 

80 : 


Summary of Results. 


Year, 

Average 

Yield. 

Basal. 

Basal 
r 3 cwt. 
SUJKT. 

Basal 
f 6 cwt. 
Super. 

Basal 
+ 9 cwt. 
Super. 

Mean. 

Standard 

Trnu’. 

; 1927 

Tons per acre 

4.06 

4.10 

3.96 

4.08 

4.04 

O.ll 


1 Per cent. ... 

100.2 

101.3 1 

97.8 

100.7 i 

100.0 

2.62 

! 1928 

Tons per acre ; 

12.26 

13.43 ! 

14.00 i 

14.69 i 

13.59 

0.27 

t 

1 Percent, ... | 

90.1 

08.8 ! 

: 1 

103.0 

108,1 

: 100.0 

1 

2.00 

i 


1927 : No response to Superphosphate on very low yields. 
1928 : Signiheant response to Superphosphate. 
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WOBURN. 

Potatoes : Nitrogenous Fertilisers, Sulphate of Ammonia, Urea, 
Cyanamide, each in single and double dressings. 

Lansome, 1927. 


N.W. 

A B 


0(a) 

lU 

2S 

0(a) 

0(b) 

2C 

2U 

VC 

IS 

0(c) 

21' 

2S 

2C 

0(b) 

0(c) 

1C 

IS 

lU 

IS 

2S 

U! 

2i; 

2C. 

0(a) 

2U 1 

2C 

0{a) 

lU 

1C 

IS 

IC 

i 0(b) 

0(c) 

2S 

0(b) 

0(c) 


c 



0 



Varjetv : King Edwartl. 

SvsTEM OE Re PLICA Tiosr : 4 randomised blocks. 

Area ol Plots ; acre, 

0 = Control. 

1 -2- Nitrogen at the rate of U and 3 cwts. per acre, Sul- 
phate of Ammonia or its equivalent, applied May 19-20, 

S -- Sulphate of Ammonia. 

C == Cyanamide, 

U Urea. 

All plots had basal dressing of 3 cwt. Super and 2 cwt. 
Miir Pot. per ar re applied May 19-20 ; also 10 tons dung 
per acre, applied May 9-13. 
i’otatoes planted May 23 ; lifted October 12-lS. 


Actual Yields in lb. 


1 

Block, 0(a) 1 

0(b) i 

0(c) ' ir 1C IS j 

2U 

2C ! 

2S 1 

A 410 

B 301 

C 372 

D 3.W 

432 i 
301 ! 

‘ 361 = 

327 

41 1 436 426 309 

360 ' 374 ; 376 436 

33K 300 i 380 456 

I 280 376 .302 315 

407 

382 
i 381 
i 383 

424 
: 352 

371 

361 

I 362 : 

1 332 ^ 

1 418 : 
i 329 ^ 


Summary of Results. 


.Average 

hield. 

0 

Single 

Un’a. 

Single 

Cyauainidr 

Single 

'iulphate. 

IX'inhlc 

Urea. 

Tons per acre 

IVr (ent. 

96,6 

T.tW 
j 1047 

6.S9 i 
^ 102,0 

7.17 

lOtt.l : 

102.(5 


Double ! IXiuble 
t'yanamidel Snlphate. Mean. 


; Standard 
Error. 


t>T3 

99.0 


95,2 


6.76 

ltX).0 


0.249 

3.09 


Significant response to single dressing of Nitrogen. ' 

midc protiiKcd no further increase, while that of Sulphate of .\m 
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WOBURN. 

Potatoes : Nitrogenous Fertilisers, Sulphate of Ammonia, Cyana- 
mide (each with and without nitrate of soda), Nitrophoska, 
Compound “ B.” 

Stackyard, 1928. 


15 16 : 2 13 9 10 ^ 1 17 


I 17 3 14 ; 13 18 11 6 15 


6 10 3 2 i 18 7 I 12 9 


17 3 U 1 6 16 15 5 


N,W. 

A 


12 4 8 i 3 ! 6 ; 14 ! 11 ; 18 


1! 10 12 1 7 


5 9 4 6 


1 5 I 15 ; 4 n 8 13 i 17 


16 ! 14 


12 9 4 ; 2 7 i 8 13 11 18 ; 10 


Variety : Majestic. Block A sown with “ Ally." 

System of Replicatiox : 4 nuMioinis«l blocks of 18 plots each. 

Area of Plot : acre. 

Treatmekts 1 Cotnpounfl Fertiliser *' B ” anti NitroplKjdka equivalent to 1| cwt, per acre Sulphate of 
Ammonia ; Sulphate o( AmnRuiia and Cyanamide with and without Nitrate of Soda at the rate of 1 1 cwt. 
S/ Amm . or equivalent, tr)^ether with Sulphate of Potash ami Superphosphate* to rais<- to eijuivalcncp with 
cocnpoond fertilUen. 

KEY TO TREATMENTS. 


Nit* OCR y 14 cwt. S/Amni. Othm in c»'t. per acre 


I Treatment. 1 

2 3 

14 5 8 7 

8 9 

10 11 

12 

13 

14 15 

18 17 


j Nitrcifi'en < *‘B*' 

Nitrre 

1 Cvana- ' } Cyanam 

Sulph,ltr 

1 SAmm. 


Nitn^ 

0 Nitf»*:-ii 


phoska. 

mide, 4 Nit.S<ifU 

of Amni. 

1 Nit,Stida 


' phodia. 


1 Potash ... 

; - i i 

2 : 1| i 2 It 

2 II 

2 U 


■ - i 

4 : 2 

2 n 

1| 

I Phosphate 

i - i 4 

1 i 1 i 1 1 ■ 

1 t 

* 4 

■ “ 

i 


1 ] 

( 

: Caidom 






:-Ur| 




Sulphate 





-.2f 




Pk>t» 12 to M had C ah iuin Sulphate afldnl equivafcnl to that in 2 and 1| cwt. Superphoaphate as df'wn. 
* PloU 18 and 18 bad Pliosnhalr in the form of Potamiiiin Ph<j»pbate eipiivalr nt to that in SuperphosplMl'' 
All plota had 1 4 ton* KY.M. per ai re. Artifv iai manures appli«l May & 9. 
rotah^ea planted May 5-9 : liftetl < htolM-r 24 2<i. 
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Actual Weights in lb. 


Block. 

1 1 2 

3 1 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 ' 

18 

17 1 18 : 

A 

1 782 724 

754 : 

664 

743 

773 

744 

845 

744 

805 

766 

783 

762 

702 

610 

688 

634 531 

B 

, 860 827 

812 1 

645 

686 

754 

769 

804 

804 

757 

836 

860 

821 

771 

704 

565 

663 759 

c 

840 874 

834 

T93 

779 

097 

S07 

830 

757 

833 

809 

808 

695 

688 

685 

648 

771 : 775 

D 

.Cvfragc, tons 

755 ; 78;i 

744 

1 (W7 

700 

701 

779 

771 

762 

676 

094 

771 

; 647 

731 

714 

699 

624 576 

per acre 

14,4 . 14.5 

14,0 

12-4 

13.0 

13.3 

13.8 

14.5 

13.7 

13.7 

13.9 

14.4 

13.1 

12.9 

12-1 

11,6 

12.0 11.8 


Summary of Significant Results. 


With Potash and Pliosphate equivalent 
to oompfiuiid fertilisers. 


.tvrraKcYWd. 

Kitro- 

phoska. 

Standard 

Km>r(a). 

Oimp'nd 
■' B, ’ 

Sulphate 
of .Ciiini. 

S,\\m . f 
Nit Stnla. 

Lyaruj- 

mide, 

Cyaiia.+ 
Nit Soda. 

Mean. 

Standard 
: Errorffi). 

I nns per am 11.88 

}'tT cent. 89.5 

13.58 

102.3 

0.24 

1.77 

14.40 

10S.4 

14.10 

10(5.2 

13.79 

103,4 

12.71 

95.7 

13.58 

102.3 

13.28 

100.0 

1 0.33 

1 2.51 


(a) Refers to means of Ifi plots, 

(fi) Refers to means of .S plots. 

Significant response to Nitrogen except where C> anamide was the only Nitrogenous Manure 
applied. No significant differences Itetwtvn the other nitrogenous fertilisers, or between the 
plots receiving Phosphate as a Calcium Salt and m other forms. 
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WOBURN. 

Sugar Beet: (a) Comparison of Nitrogenous Fertilisers : Sul- 
phate and Muriate of Ammonia and Cyanamide. 

(b) Preparation of Seed Bed. 

Butt Close, 1927. 

S.S.W. 


R 

F 

K 

F 

R 

F 

R 

F 

R 

F 

R 

F 

R 

F 

R 

F 

R 

F 

2S 

OC 

OS 

IS 

IM 

2C 

OC 

IS 

IM 2C 

2S 

OM 

2C 

IS 

OS 

2M 

IM 

O.M 

OC. 

1C 

IS 

2M 

2C 

OM 

IS 

2M 

2<;' 

OS 

OM 

1C 

IS 

OC 

2M 

1C 

OM 

2S 

i 

! 

2S ; 

2M 

OS 1 

OM 

IM 

2M 

OC 

OS 

IM 

^ 1C 

2S 

OC 

2C 

1C 

OS 

2S 





A 





B 






G 




Ql'aktities : Nitrogen at the rate of 0, 1, 2 cwt. per acre System or Retlicatiom : 3 randomised blocks of IS 

Sulphate of Auimonia or equivalent, plots each, 

S — Sulphate of Ammonia. 

M Muriate of Amiuonta. Aria of each Plot : ^ acre. 

C = Cyanamide. J*"* 1®- Jan. 5-13, 1928. 

R, F — Aliemative Strips with ridged and flat seed bed. 

All plots received 3 cwt. SuMr. and 2 cwt. Muriate of Potash per acre, applied with other manures June 10-14. Dung applied 
February 22-24 (14 loads per acre). Ground chalk April 0 (1 ton per acre). 


Actual weights in lb. 


Block.';. 

OC 

OS 

OM 

1C 

IS 

IM ; 

2C 

2S 

2M 

ROOTS. 

. fR 

100.5 

67.5 

90.0 

95.0 

' 79.0 

79.0 ; 

114.5 

125.0 

: 05.5 

" 1 

iF 

100.5 

114.5 

119.5 

1270 

91.0 

145.,5 ; 

99.5 

123.5 

: 1 3:1,0 


fR 

B8,0 

95 0 

101.0 

129 5 

; 104.0 

92.0 

114.0 

109.0 

124.J 

1 F 

101,5 

147.0 

148.5 

163.5 

; 102.0 

143.5 i 

154.5 

1 56.0 

1265 

.r. 

fR 

120.5 

135.5 

162,0 

1.V).5 

131.5 

134.5 I 

136.0 

171.0 

1H4II 


LF 

166.0 

121.5 

129.5 

184.5 

: 1 86,0 

157.0 ; 

lao..') 

192.5 

101.0 

TOPS. 

. TR 

1850 

! 117.0 

164.0 

: 170.0 

i 125.0 

; 131,0 : 

216.0 

241,0 

102.0 

A 

IF 

19.5 0 

^ 226.0 : 

218.0 

: 243.0 

I 167.0 

286.0 1 

176.0 

i 236,0 

270 0 


IK. 

115 0 

i 131.0 i 

163.0 

1 199.5 

157.0 

1400 ! 

163.0 

! 175,5 

200.0 

lf 

132 0 

; 229.0 : 

245.0 

; 294.0 

: 179 0 

228,0 ; 

299.5 

262.0 

i 210.0 
202.0 

C 

i 

1 1< 

181,0 

: 238.0 

274.0 

211.0 

1 2430 

217.0 i 

234 0 

25.5,0 

IF 

2.10.0 

196.0 

251.0 

270.0 

I 295,5 

1 

255 0 1 

2.50.0 

350.0 

:{tt5.o 
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(1) Siimmary of Results, Manuring Experiment. 


ROOTS. 


Quantity 

of 

Average Yield in Tons per acre. 

Average Yield per cent. 

Nitrogen. 

Cyanamide. ^ 

Sulphate. 

Muriate. 

Cyanamide. Sulphate. 

Muriate. 

0 



2.60 


91 1 


1 

3,1 B 


2.58 

2.80 

110.9 90.5 

98.1 

2 

2.88 


3.26 

3.18 

101.0 114.0 

11 1. 5 

Standard 







Error 



0.1 (I 


5.60 

j 





TOPS. 



Quantity 

of 

Average Yield in tons 

per acre. 

1 Average Yield per cent. 

Nitrogen. 

Cyanamide. 

Sulphate. 

Muriate, 

Cvanamide. Sulphate. 

Muriate. 

0 



4.35 


90.5 


1 

5.16 


4.34 

4.68 

107.3 90.2 

1 97.2 

2 1 

- j 

4.98 


.5.65 

5.42 

103.5 117.5 

1 112.7 

1 

Standard ; 







Error 



0.31 


7.02 



(2) Summary of Results, Cultivation Experiment. 


A\eragp Yield. 


Rirlge<l. 

Flat, 

Mean. 

Standard Error. 

Roots, tons per acre 


2.57 

.3.13 

2,85 ' 

0.08 

Roots, per cent. ... 


00,. 3 

109.7 

100.0 I 

2.77 

Tops, tons per acre 


4.22 

5.-R) 

4.81 

0.17 

fops, per cent. ... 


87.8 

112.2 

100.0 

3.44 


Well marked superioritv of dat over ridged seed bed. Significant response to both single 
double Nitrogen except in the case of the Sulphate plots (single dres-^ing). while with Cyana- 
lide there was a depression in yield with the higher dressing. 



162 


WOBURN. 


SUGAR BEET. 


Nitrogenous Fertilisers 


Potassic Fertilisers : 
Nitrophoska, 


Sulphate of Ammonial Each applied 
Muriate of Ammonia J with seed. 
Nitrochalk as top dressing. 

Muriate of Potash. 

Potash Manure Salts. 


Butt Furlong, 1928. 


s. 


A 

12 

9 

2 

4 

13 

5 

3 

8 

7 

1 

G 

10 

11 

B 

t'> 

^ 7 

12 

4 

13 

1 

3 

10 

5 

2 

8 

9 

11 

C 

f) 

2 

12 

3 

4 

8 

7 

11 

1 

10 

5 

9 

13 

D 

» 

4 

12 

2 

13 

5 

11 

10 

6 

7 

3 

8 

1 

E 

12 

0 

10 

3 

13 

< 

8 

(i 

1 

2 

4 

9 

“ 

11 

E 

1 

8 

2 

1 > 

9 

12 

10 


4 

13 

11 


3 


Vahiki V ; Dippe. 

System or Reflicatiok : 6 rundomised blocks 
of 13 plots each. 

Area of each plot : 4*0 acre. 

Treatments : Sulphate aod Muriate of Am- 
Diorua alone at the rate of rwt. S Amm. 
per acre or equivalent, also at half this rale 
cfMnbined with equivalent Nitrochalk as 
Top Dressing. Muriate of Potash and I’- -tash 
Manure Salts at the rate of 1 cwt. per acie 
M/Pot. or equivalent. Superphosph.itp at 
the rate of 1 ^ cwt. per acre. Nitrophoska 
equivalent to U cwt. S/Amm. Kasai 
Manure : 12 tons F.Y.M. per acre Mar* h ;«>- 
April 4. Artificial Manun-s applied Mav 
22'23, except top dressing, which was 
applied July 5. 

Seed sown. May 18 ; Roots lifted NovomU^r 
8-13. 


Key to Treatments. 


.Mantiic. 1 2 3 4 .") (I T S 0 Ul 11 12 1:5 

. a S^.Amm. ... X / ; \ X i x 

3^:M/Ajnm. ... x / x i 


t ^ \itro-chaIk 
I I M/Pot. 

PM.S. . 


Super at I i cwt. 
Nitrophoska 


Actual Weights in tb.~- Roots. 


Block. 

1 

2 

3 

4 

5 

6 


8 

9 

10 

11 

12 

13 

\ 

799 

mi 

799 

88.5 

78.> 

760 

812 

820 

9:10 

761 

789 

901 

!K)I 

H 

735 

7G3 

G49 

HGI 

6.54 

H8I 

89f) 

729 

726 

623 

726 

881 


C 

772 

912 

82H 

861 

, 784 i 

830 

811 

841 

701 

735 1 

737 

89.5 

757 

D 

689 

Oil 

74G 

873 

: 880 

H03 

7.59 

752 

817 

802 i 

872 

890 

‘)02 

K 

739 

713 

9,') 7 

720 

869 

; 717 

871 j 

881 

708 

879 

730 

911 

9.52 

-ill 

!• 

80G ' 

891 

G99 

7fl4 

738 

; 881 

663 i 

924 

800 

815 

781 

H33 
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Actual Weights in lb.— Tops. 


Block. : 1 ! 2 3 4 5 


A 

708 

879 

640 

840 

630 

B 

i 638 

535 

398 

7,34 

421 

C 

! 602 

747 

937 

931 

631 

D 

552 ! 

850 

615 

710 

875 

E 

647 

667 

733 

682 

622 

F 

’ 54G 

563 

729 

768 

755 


6 

■ 

8 

9 

10 

11 

12 

13 

669 

820 

741 

803 

679 

629 

799 

848 

651 

680 

521 

476 

419 

570 

741 

698 

859 

733 

992 

565 

557 

594 

883 ' 

; 678 

582 

631 

■ 643 

711 

610 

792 

810 

i 859 

651 

. 863 

i 863 

672 

647 

. 683 

655 

1 780 

(36 

i 716 

^ 591 

710 

778 

829 

797 

: 812 


(1) Summary of Average Yields, Separate Treatments. 


1 

Suljihatc of Ammonia Muriate of Ammonia. 

Yield in tons 

per acre. Top Xo Top Top No Top 

Dressing. Dressing. DreS.sing, Dressing. 

NitrO' 

phoska. 

lOiots 1 

' Muriate of Potash 13 92 13.51 14.77 15,03 ] 

Potash Manure Salts 14 ,30 14.02 14.72 U 50 . 

No Potash TT79 13.93 I 0 . 8 I l.T(4 J 

. 15.30 

Tops j 

r MuriateofPota.sli... 12.06 10,99 UM 12.62 '] 

1 Potrsh Manure Salts 13.22 1171 Ii^ 9o 1^.3o , 

l^XoPotash U.T2 13 94 10.98 , 

|. 13.93 

Siijt.ir 

percentage ^ 
in nnits 

fMunateofPotiLSli... 1S.37 17.80 17.85 17,68 

PoriwIiM-mtire Salts 174iu 8 4.1 (.(- --^8 

[_ No Potash ... 18,70 h.lb 1/.-2 18.33 . 

i 17.63 

J 


(2) Summary of Significant Results. 


.Average YkiO. 

Sitlpl'an’ 

.Atnm. 

Munatc Sul^liAto • 
.\mm. N'llex 

Murul'-- 
NUfo h.i!k. 

standard 

I- nor [aV 

Nilio- 

pho<ka. 

Standard 
Error (41- 

Mean. 


■ 



— 

1,5.30 

106.2 

13,93 

111.4 

17,63 

0..5,5 

3.80 

0.77 

6.17 

0.31* 


■ lOxits. tons per acre 
Hoots, per cent. ... 
Tops, tons \MiV acre 
Tops, percent. 

■ Sugar ]>ercentagc ... 

13.82 ■ 
95 9 
11.47 
91.8 
18.07 

14 42 14 

UMVl 97 2 

11 98 12.49 

95 8 99 9 

IS 00 18 22 

1.5,10 
SiU 8 
13.59 

PIS.T 

17.76 

0,32 

2 20 
0,45 
3. 5(1 

0,1 s* 

100.0 

12.50 

100.0 

17 96 


(.1 Rrim to nv.n. of 18 ''' 

; Appo..io..„tw. ^ -■ 


t Rrtits vfe4?hrc{ ^lirty. Appr'Mni.>'ny tO toO 

M.iriate of Ammonia l)rats Siilpluie of to be better than the 

<tressuiK 1?! significant only in the case of toj s. . . L content and no response 

plots receiving all Nitrogen .as Nf’ significant difforenus m ai^.u 

to (KltASh, 
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WOBURN : OTHER EXPERIMENTS. 

Mangolds and Potatoes : Nitrogenous Fertilisers, Sulphate of 
Ammonia and Muriate of Ammonia (one half at sowing, 
one half as top dressing), Muriate of Potash. 

Mangolds, Warren Field. Potatoes, Lansome Field, 1926. 

All plots received 9 tons F.Y.M. and 2 cwt. superphosphate per acre. Plots 1, 2 and 3 had 
in addition a basal dressing of 1 cwt. Sulphate of Pota^, while Plots 4 and 6 had 2 cwt. Sulpliate 
of Ammonia (one half at sowing, one half as top dressing). Area of each plot ^ acre. 


! Plot Number 

1 

2 

^ 3 

4 

5 

( Additional Manuring pt>r acre. 

Muriate of .\nim. . 
equiv. to 2 cwt, 

S .■\mm. i sowing, ^ 

^ top dres.sing. 

No 

Nitrogen. 

2 cwt. Sulphate of 
Ammonia, t sow- 
ing, 1 Uip dressing 

No 

Potash. 

Muriate ut Potash 
equiv. to 1 cwl. 
Sulphate of Potash 

Produce in f Mangolds 

I tons pt*r acre \ Potatoes 

23.28 

0.19 

17.99 

5.38 

21.8 
i 6.07 

23.49 

5.61 

23.91 

6.30 


Mangolds : Top Dressings, Sulphate of Ammonia, Nitrate of Soda, 
Salt. 

Road Piece, 1927. 


Area of each plot \ acre. Basal dressing : 3 cwd. superphosphate, 2 cwt. Kainit and 1 cwt. 
Sulphate of Ammonia per acre. 


Plot Number. 

1 ^ 2 i i 4 1 5 , ■ 

1 1 Nitrate of Soda 

6 

Manuring: per acre. 

No 1 cwt. Sulphate ^ Nitrate of Soda 1 cwt. S/Amm. | equjv. to S, Am. 

Top Dressing, of .Ammonia, i equiv. to S Am. 3 cwt. Salt. | 3 cwt. Salt. 

3 cwt. Salt. 

Produce of Roots 
in tons per acre 

^ 14.24 10.91 1 lH.2t) 19.79 | 20.05 

20,51 


LUCERNE, INOCULATION OF. 


Mill Dam Close, 1928. 


Yield of Lucerne Hay per plot (.15 acre). 
Inoculated. 


Plot Xumber. 

1 

3 


7 9 * 

11 

T<dal. 

^ Average per 
at re, cwt. 

Yield in lb. 

714 

658 ^ 

602 

.S.'iS 644 

602 

1 3773 

37.4 




Not Inoculated. 




Plot Number. 

2 

4 

6 

8 10 


Total. 

; Average per 
.acre, ' wt. 

Yield in lb. 

532 

658 

504 

420 476 

1 

2590 

30,8 


Difference in favour of the Inoculated Plots 6 9 rwts. per acre. 
Standard Error of this Difference 2 fi cwts. 

The ;/icld of hay from the Inoculated Plots is significantly greater 
Inoculated Hots. 


than that from the not- 
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REPLICATED EXPERIMENTS AT OUTSIDE CENTRES. 
Grassland. New Hay. Effect of Basic Slag. 

(Basic Slag Committee.) 

Mr. B. W. H. Pratt, Brooke, Norfolk, 1926-1928. 

s. 





[ 

! 1 

S«.'d sown 192.y 

I 

L 

H 

! C 

i M : 

System of Replication’ : Latin Square. 
.\rea of each plot = J acre. 

II 

II 

C 

: M 

L 

Soil : Calcareous boulder clav. 
Treattevts 

III j 

C 

■ M 


II 

C r= Control. 

L ^ Low soluble slag (87.3%). 

IV 

1 M 

J' 

H 

C 

M - Medium soluble slag (6(1.9%). 

H High soluble slag {S6.i8%]. 


Slaes applied at the rate of 100 lbs. P, Oj per acre in March, 1926. 
No manures in 1927 or 192S. 


Actual Weights in lb. 
\m 1937 


1928 


Uow. C 

I. 

.M 

H 

C 

L 

.M 

il 

C 

L 

-M 

H ’ 

I 1194 

1187 

1307 

1 58.3 

499 

049 

903 

871 

336 

621 

584 ; 

722 : 

II 1154 

1230 

1227 

1224 

449 

000 

735 

780 

389 ; 

420 

537 

813 i 

III 1317 

1439 

1088 

152.3 

5.54 

752 

809 

904 

513 

522 

677 

599 ! 

IV 1450 

1241 

1488 

1.595 

007 

790 

841 

999 

430 

500 

680 

720 


Summary of Results. 


Average Yield in < w is. per acre. Per Cent. 


Year. 

Contri>l. 

l.nw 

Sd'lblr, 

Malinni 

Soluble. 

Huth 

,<..lul)le 

,, Sland.iid 

Irn-r, 

Contnd 

Low 

Soluble. 

.Medium 

Soluble. 

High 

Soluble. 

Mean. 

Standard 

Error. 

1920 

45,7 

4 5,. 5 

40.1 

52.9 

47. (i 

2 50 

90.0 

95,7 

97,0 

111.2 

100.0 

5.38 : 

1927 

18,8 

25.0 

29,9 

31,7 

20.4 

I oo 

71.4 

94.7 

113 4 

120,4 

100.0 

4.01 

1928 

14 9 

19.0 

22 1 

25,5 

20.4 

0.92 

73 1 

93.1 

108.0 

12.5,1 

100.0 

; 4.52 ^ 

Total 

79.4 

89,5 

98.1 

110. 1 

94.4 



- 





192fi. Significant response to high soluble shig only, 5 .’ u t ki 

1927. Significant progressive increases up to medium soluble slag. The high soluble 

produceti no further increase. , ■ i 

1928. Significant response to all grades of slag, which range themselves m order of citric 

1928*28. Urge'seasonal falling of! in \ ield. KlTect on yield is least with the low soluble 
slag and greatest with the high soluble. 
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Grassland. 


Old Hay. Effect of Basic 

(Basic Slag Committee.) 


Slag. 


Mr. E. Habberfield, Home Farm, Enmore, Somerset, 1926-1928. 


I 

L 

c 

H 

M 

li 

H 

M 

L 

' c ■ 

III 

M 

H 

(' 


IV 

C 

L 


M 


Si STKM OF Kkplication : Latin Square. 

Area ol each plot : J acre. 

Soil I Red clay, loam on sandstone. 

Treatmekts : 

C = Control. 

L = Low soluble slag (37.3%). 

M Medium soluble slag {W.9%). 

H -- High soluble slag (t^.8%). 

Slags applied at the rate of 100 lbs. 1% 0^ pcT acre in March, 1926. 


1926 


Actual Weights In lb. 

1927 


1928 


Rows. 

c 

T. 

M 

H 

C 

L 

M' 

11 

C 

L 

M 

li 

I 

783 

791 

942 

1149 

837 

685 

906 

995 

223 

244 

321 

.377 

ir 

804 

1027 

9or> 

87r> 

733 

921 

983 

742 

312 

412 

468 

27u 

III 

807 

708 

9o9 

8o2 

7r>8 

767 

879 

1046 

308 

304 

416 

3.>,) 

IV 

667 

823 

747 

556 

590 

945 

870 

827 

213 

295 

356 

323 


Summary of Results. 


Year. 


.Average Yield {vr arre. 





Per Cent. 




' Control. 

Ij)V! 

Soluble. 

Medium 

Soluble 

Hi«h 

Soluble. 

Mean. 

Stand rd 
Error. 

Ct>ntrol. 

Low 

Soluble. 

Medium 

Soluble. 

High 

Soluble. 

Mean. 

Si.md n: 

1 rn/r. 

1926 

27.3 

29.9 

31.7 

30.6 

29,9 

2.15 

91.4 

100,0 

: 106,1 

102.5 

100,0 

7.20 

1927 

26 1 

29.6 

32 6 

32 2 

30.1 

1.08 

86.8 

98.4 

107.8 

107 0 

100,0 

3 60 

1928 

9.4 

112 

13.9 

11.8 

n.6 

0.86 

81.3 

96.6 

120 1 

1020 

100.0 

7.38 

Total 

i 62,8 ■ 

70.7 

78.1 

74.6 

71.6 

“■ 


— 

— 

: ” 

” 

- 


1926. No significant response to treatment 

1927. Significant progressive increase up to medium soluble slag. The high soluble pro- 

duced no further increase in yield. 

1928. Medium soluble slag gave significantly greater yield than the others, while all 

of slag did significantly better than Control. 

1926-28, Poor yield in 1928. All grades of slag have improved the yield, but medium 
soluble slag has done rather better than high soluble. 
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Basic Slag on Arable Land. 

(Basic Slag Committee.) 

Mr. Hyatt, Andoversford, Glos., 1926-27. 

1926: Swedes (fed off on land). Sown June 2. 

1927 : Oats (carted and weighed green). Harvested September 6. 


I 

^ G 

S 

11 

M 

I, 

II 

L 

c 

; S 

H 

M 

III 

: S 

11 

M 

L 

C 

IV 


1 . 

C 

S 

11 

V * 

: M 

M 

L 

1: 

S 


Soil ; Ixjam on limestone (Lower Oblitc), 

SvsTL.M OF Kepi, R atios : Latin Square. 

Area of each plot : ^ acre. 

Treatments : 

C Control, 

L = Low soluble slag (37.3%). 

M = Medium soluble slag (60.9%). 

H = High soluble slag ( 86 , 8 %). 

S — Sui>erphosphate. 

Kate : 100 lbs. P, O 5 per acre, applied May, 1926. 

Basal Manuring : T.Y.M. 12 loads per acre, 1 cwt, Sulphate uf 
Aimnoaia and 1 cwt. Muriate of Potash per acre for Swedes in 
1926. No further Manure applied in 1927, 


Actual Weights in lb. 


1920 


Row 

c 

J. 

M 

H 

I 

724 

923 

1031 

1007 

II 

824 

915 

1037 

10.73 

III 

74.5 

88 1 

977 

880 

IV 

685 

722 

879 

947 

V 

767 1 

877 

904 

1035 





1927^ 

¥ 


S 

C 

L ' 

M 

li 

S 

1132 

202 

245 

260 

276 

283 

1123 

300 

295 

284 

311 

303 i 

1024 

2 57 

258 

265 

252 

242 

1025 

258 

237 

252 

302 

246 

929 

202 

290 

256 

264 

267 


Summary of Results. 


. Low Mod. High Super- General Standard 

Average iield, Control. Snltiblo. Soluble, ph’sph’te Mean. Error. 


1926 

IVr acre, tons 

S.33 

9.04 

IM.TS 

11 13 

11.68 

10.31 


IVr cent. 

80.8 

93 5 

104 5 

108 0 

113 3 

100.0 

1927 

Grain, per acre, bush. 

40,8 

40 4 

30,0 

45.3 

30.9 

39.8 


Grain, per cent. 

102.3 

101.3 

tKl 2 

113.0 

92 5 

14 8 

100.0 


Straw, per acre, cwt. 

15.8 

15.2 

1 4.9 

17,5 

15.7 

100.0 


Straw, per cent. ... 

101.1 

97.2 

95.1 

111.8 

94,7 


0.20 

2.53 


IM 

2.70* 

0.42 

2.70* 


• I'hc .>als were rartwl an.l wngh^sl rhym, but later sainpl.^ were driid 
abovr yip1(t& of |^a,m ami straw wre rAlt uUtctl, but the analysis o| \ ^ ^ 

lotah and tbf sUndard <*iTt>r Uuj 5 obtaincil w aptvndtHl as above to IxMh ^rain ana $iraw. 

1926, Significant rcs{X)nse to all grades of slag. Superphosphate plots did significantly 
better than medium and low soluble plots. 

11127. Significant response to high soluble ?Iag only. 
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Basic Slag on Arable Land. 

(Basic Slag Committee.) 

Mr. Reeves, Matley Hyde, Stalybridge, Cheshife^ 1926-28. 


1926: Swedes (carted off). Roots and leaves weighed together. Sown May 19. Pulled 
November 9-13. 

1927 : Oats (cut as hay and weighed green). Harvested September 8. 

1928: Seeds Hay. Cut June 22. 


A 

B 

C 

D 

H i 

L 

M 

: c 

i L : 

H 

C 

: M 

I M ! 

c ' 

H 

: I- 1 

■ c 

M ^ 

L 

H ' 


Block D was badJy damaged by stray cow 
in 1927 and was not weighed. Remainder 
treated as 3 randomised bkx ks of 4 plots 

each. 


Soil : Millstone grit. 

SvsTEM OF Replication : Latin Square. 

.^rea of each plot ; .02875 acre. 

Previous manuring : 2 tons per acre Ume ashes {70.80% lime), 1 cwt. Sulpfiate 
of .\mmonia and 4 cwts. Kainit per acre for oats in 1925. 

Treateients : 

C -- Control. 

I.-- Ixiw Soluble Slag (37.3%). 

Medium Soluble Slag (60.9%). 

H -- High Soluble Slag (86,8%). 

Slags applied at the rate of 100 lbs. P, 0, per acre in April, 1926. Basal 
Dn-jsing ; ) cwt. Sulphate of Ammonia arid 1 cwt. Muriate of Potash wr 
acre in 1926. 

No manure in 1927 or 1928. 


Actual Weights In lb. 


1926 


1927 



1028 

Block. C L 

M H 

C 

L M 

H 

C 

- I. 

M H 

A 1019 918 

1298 1069 

472 

400 365 

372 

158 

155 

185 IfiS 

B 1271 1246 

1422 1327 

360 

382 427 

382 

218 

190 

212 198 

C 1166 1175 

1232 1378 

409 

364 448 

381 

146 

189 

165 ITfi 

D 1143 1164 

1123 1313 

— 

— — 

— 

155 

184 

170 191 


Summary of Results. 







Low 

Med. 

High 

General 

Standard 


Control 

Soluble. 

Soluble. 

Soluble, 

Mean. 

Prror, 

1926 Swedes. 








Tons per acre 

17.8.5 

17,48 

19.70 

19, 

75 

18.85 

0 ;)2 

Per cent, ... 

95..5 

93,5 

105 4 

10.5 6 

10041 

2.78 

1927 Green Oats. 








Cwt, per acre 

128.5 

118.6 

1284 

117 

5 

123 2 

7 41 

Per cent ... 

104 2 

96.3 

1042 

95 

4 

1000 

(Vo! 

1928 Seeds Hay. 








Cwt. per acre 

62 6 

55 7 

56.8 

50.6 

55,4 

i 38 

Per cent. ... 

94.9 

1(X),6 

102.6 

1020 

100,0 

2 49 


1926. Medium and high soluble .slags .show significant superiority over low. 

1927. No significant rcsfwnsc, . 

1928. Evidence of response to slags, which only approaches significance in the ca.^e id 

medium soluble slag. 
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Potatoes : Effect of Sulphate of Ammonia and Sulphate of Potash 
each m single and double dressings. 

Mr. J. Luddington, Abbey Farm, Norfolk, 1928 . 


A B C 


N4 

N2 

N2 

N2 

N4 

NO 

N2 

NO 

N2 

KO 

KO 

K4 

KO 

K2 

KO 

KO 

K4 

K2 

NO 

N2 

N4 

N4 

N4 

N2 

N2 

N4 

NO 

K4 

. _ _ 

K2 

K2 

K4 

KO 

K4 

K4 

K4 

KO 

N4 

NO 

NO 

NO 

N2 

NO 

N4 

N4 

NO 

K4 

KO 

K2 

K2 

K2 

K4 

KO 

K2 

K2 

N2 

NO 

N4 

N2 

N4 

N4 

N4 

N2 

NO 

K2 

K2 

KO 

K3 

K2 

KO 

K4 

K2 

K2 

N4 

N2 

NO 

N2 

N2 

NO 

NO 

N2 

N2 

K2 

K4 

i K4 

K4 

KO 

K2 

K4 

KO 

K4 

N4 

N2 

NO 

N4 

NO 

NO 

NO 

N4 

N4 

I<4 

: KO 

: KO 

K4 

KO 

K4 

KO 

KO 

K2 

NO 

NO 

N4 

N2 

N2 

: N4 

NO 

N2 

N4 

KO 

K2 

; KO 

KO 

K4 

1 K4 

K4 

K4 

K2 

NO 

1 N2 

N2 

N4 

NO 

N4 1 

NO 

■ NO 

N4 

K4 

1 KO 

K2 

K2 

K2 

i KO 

KO 

; K2 

KO 

N4 

j N4 

N2 

N2 

NO 

^ NO 

N2 

X2 

N4 

K4 

1 K2 

K4 

K2 

KO 

j K4 

K2 

; KO 

K4 


G H J 


Variety •. Majestic. 

Soil : Black fen overlying day. 

System of Replicatjon : 9 randomised 
blocks of 9 plots each. 

Area oi each plot : ^ acre. 

Treatments r 

S Amm. and S 'Pot. at the rate of 0, 2 
and 4 cwts, per acre, in all combina- 
tions. 

Upper figure = amount of S/Amm. 
Lower figure = amount of S/Pot. 

Basal Manuring 4 cwt. Superphosphate 
per acre. 

Manures applied : April 24. 

Planted April 24 ; lifted October 1-2. 


Actual Weights in lb. 


Quantities of 

S/Amm. S/Pot. 

A 

B 

C 

D 

E F 

G 

H 

J 

0 

0 

ITw 

230 

201 

240 

226 203 

286 

181 

201 

(I 

2 

21 A 

210 

233 

184 

209 254 

217 

162 

192 

0 

4 

2:)8 

207 

209 

192 

197 217 

187 

288 

180 

2 

0 

m 

2.V) 

29r> 

270 

271 379 

254 

276 

254 

2 

2 

2B1 

301 

2S9 

2. >7 

281 269 

232 

228 

£30 

2 

4 

203 

374 

180 

2.)9 

312 240 

239 

240 

204 

4 

0 

273 

323 

222 

271 

311 172 

300 

313 

276 

4 

2 

309 

2K0 

244 

299 

327 297 

308 

286 

260 

4 

4 

268 

238 265 280 314 248 

(1) Summary of Average Yields. 

258 

283 

306 


Tons per Acre, No S/Amm. 2cw t. S'.^.mm. 4 cwt. S/Amm, 


Nn Potash ... 

7.66 

10,23 

9,77 

3 cwt. S/Pot. ... 

7 48 

9.32 

10.38 

4cwt. S/Pot..., i 

7.92 

9.17 

980 


1 
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Potatoes ) Abbey Farm, Norfolk (cont.) 


(2) Summary of Significant Results. 


Average Yield. 

No S/Amm. 

2 cwt. S/Amm. 4 cwt. S/Amm. ■ 

Mean. 

Standard Error, 

Tons per acre 

7.69 

9.57 9.98 

9.08 

0.26 

O 07 


Per cent. 84.7 105.4 109.9 100.0 2.87 


Significant response to nitrogenous manure only. Potash produced no additional eSect. 


Potatoes : Effect of Superphosphate. 

Mr. J. H. L. Luddington, Abbey Farm, Norfolk, 1928. 


I 

8 

4 

0 

2 

II 

0 

2 

8 

4 

III 

2 

0 

4 

8 

IV 

4 

8 

2 

0 


Soil : Black fen overiying clay. 

Variety ; Majestic, planted April ^ ; lifted October 1-2. 

SvsTEU OF Replication : Latin Square. 

.\rca of each plot : ^ acre. 

Treatkent r Superphosphate at the rate of 0, 2, 4 and 8 cwt, r 
acre. Basal Manuring : 2 cwts. S/Pot. and 2 cwt. S/Amiu. 
acre. Manures applied April 24. 


Actual Weights in lb. 



Rows. 

0 

2 

4 


8 




■ I 

6.51 

706 

743 


866 




II 

520 

740 

780 


901 




III 

605 

674 

744 


813 




IV 

593 

693 

804 


940 





Summary of Results. 





i Average 

No 

! 2cwts, 

4 cwt. 


8 cwt. 



Staibldtil 

i Yield. 

Super. 

i Super. 

Super. 


Super. 


Mean. 

F.rror 

Tons per acre 

8.10 

i 10,05 

10,97 


12.67 


10.42 

0 ;i;i 

Per cent. ... 

77.8 

96.4 

1052 


120.6 


100.0 

:i 21 


Significant response to all applications of Sujjcqjhosphate. 
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Potatoes : Effect of Superphosphate. 

Mr. G. Major, Newton Farm, Lines., 1928 . 


I 

! ^ 

2 

8 

4 

V’ahikty : Kiiifi Edward, planted April 9 j lifted October 3-4. 

11 

4 

(1 

>1 

H 

SvsTF.M OF Eefmcatiox ; Latin Square, 

Area of pit it : acre. 

in 

8 

4 

0 

2 

Treatment: Superphosphate at the rale of 0, 2, 4 and 8 cwt per, 
MaiJuring 4 cwt. S;Pot. and 4 cwt. S/Anim. per acre. 

IV 

2 

8 

4 

0 

Manures applied April 9. 


Actual Weights in lb. 


Row, 

0 

2 

4 

8 

I 

1225 

1259 

1225 

1271 

II 

1207 

1197 

1324 

1169 

III 

1154 

1159 

1208 

1387 

IV 

1168 

1236 

1156 

1244 


Summary of Results. 


Average 

Yield. 

No 

Su[X'r. 

2 cwt. 
Su{>or. 

4 cwt. 
Sojicr. 

8 cwt. 
Super. 

Mean. 

Standard ' 
Error. 

i'ons per acre 
IVr cent. ... 

16.98 

97.6 

17.32 

99,6 

17., >7 

100,8 

17.75 

102.0 

17.40 

100.0 

0,27 

1.54 


The response to Superphosphate is small, only the 8 cwt. showing significant increase o^er 
control. 
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Sugar Beet : Comparison of Nitrogenous Fertilisers, Sulphate 
and Muriate of Ammonia. 

Col. F. Wilson, Stanway Hall Farm, Colchester, 1927. 


E.S.E. 

I II III IV 



Treatments : 

A = ControL 

B = S/Amm. 2 cwt. with seed +l cwt. Top Dressing 
per acre. 

C = equivalent of S Ainm. 

Ail plots bad in additi^ a dressing of cwts. Supeq^hosphale. 
and 1 1 cwt. Muriate of Potash per acre. 


Variety : Klein Wanzleben. 

System op Keplication : 4 randomised blocks. 
Area of each Plot : ^ acre. 

Basal Manures applied May 1. 

Top dre^ng applied secoi^ week in June, 

Seed sown first week of May. 

No farmyard manure. 

Soil : Light sandy loam. 


Actual Weights In lb. 


Blocks. 

A 

B 

c 

I 

750 

896 

705 

II 


983 

991 

III 

921 

854 

753 

IV 

1008 

1033 

988 




Summary of Results. 



Average Yield. 

Control. 

S/Amm. 

M/Amm. 

General 

Mean. 

Standard 

Error. 

Tons per acre ... 

8.07 

8.41 

7.67 

8.05 

0.30 

Per cent. 

100.2 

104.5 

95.3 

100.0 

3.47 


No significant response to cither treatment. 
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Sugar Beet : Comparison of Nitrogenous Fertilisers, Sulphate 
and Muriate of Ammonia, and Cyanamide. 

Col. F. Wilson, Stanway Hall Farm, Colchester, 1928. 


I ; 

1 

A 1 

n 

c 

D 

: 1 

E 

11 i 

B i 

' E ; 

D ; 

C 

A 

i 

m ; 

' c 

D ; 

1 

E 

A 

B 

IV 

i ^ 

: A 

H 1 

E 

! ^ ^ 

V 

E 

c 

A 

! B 

i 

! D* 


Soil: Light sandy loam. 

Variety : Klein Wanzieben. 

System OK Repucation : Latin Square. 

Area of each plot : acre, 

A = Basal only, 4 cwt. Super and 2 cwt, SjPot. per acre, 

B = BasalF40 Nitrogen as Cyanamide f 20 lb, as Nitrate of 
Soda with seed. 

C - Basal+liO lb. of Nitrogen as Cyanamide. 

D - Basal + 60 lb. of Nitrogen a$ Muriate of .Ammonia. 

E Basal+60 lb, of Nitrogen as Sulphate of Ammonia. 
Cyanamide applied May 3. Other manures May 30-31. 

Seed sown May 3. Lifted November 15. 


• This plot discarded and a value calculated for it 
from other 24. 


Actual Yields In lb. 


Row. 

A 

B 

C 

D 

E 

1 I ^ 

306 

556 

369 

332 

396 

! 11 ^ 

325 i 

357 

317 

358 

485 

III 

275 

413 

309 

467 i 

367 

IV ‘ 

453 

i 389 

335 

418 i 

324 

V 

346 

397 

572 

464 

603 1 


Summary of Results. 


Average No 

Yield. j Nitrogen. 

Cvanamido Cyanamide; 
Nit. Soda alone. . 

M/Amm. 

1 S/Amm. 

General 

Mean. 

1 Stantlard 
Error. 

Tons per acre ! 6.09 

Percent, \ 86.7 

7.54 

107.4 

6.79 i 
96.7 

7.28 

103.7 

7.41 
; 105.5 

7.00 

1 100.0 

i 

0.26 
i 3,74 


Significant response to nitrogenous manures, except where all Nitrogen was applied 
Tyanamide This treatment was significantly l>elow the mean o le o 
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Experiments at other centres, carried out by the local workers on 
the lines of those described on the preceding pages. 

Potatoes. Mr. E. J. Roberts, College Farm, Aber, Caernarvonshire, 

1928. 

JLatin Square : Plots Soil : Light gravelly loam. 

Ba^I Manuring : 8 tons F.V.M. in Autumn of 1927. 2 cwt. Sulphate of Ammonia and 2 cwt. 
Sulphate of Potash per acre. 


Average 

Xo Super- 

1 2 cwt. 

4 cwt. 

8 cwt. 

Mean. 

Standard 

Yield. 

phosphate. 

1 Super. 

Super. 

Super, 


Error. 

^ Tons per acre 

15.78 

15.62 

16.12 

1 6.03 

15 89 

0,36 

Percent. ... 

99.3 

98.3 

101.5 

100.9 

100.0 

2.27 


Xo evidence of res[)onse to Su{)er[)!)osphate. 


Potatoes. Mr. E. Arden, Owmhy, Cliff, Lincolnshire, 1928, 

Latin Square : Hot5 i acre. Soil : Cliff Land (0(>Utie Limc.stone). 

Basal Manuring : 2 cwt. Sulphate of Ammonia, 2 cwt. Sulphate of Potash jjcr acre. 
Manures applied April 23. 


i Average Yield. 

No SupcT 
phosphate. 

2 cwt. 
Siip<-r, 

1 cwt. 
Super. 

S cwt. 
Siqxr. 

Mean 

Stand.ihl 
!• nor. 

j Tons per acre ... 

I Per cent. 

1 

« IS 

109.2 

0.79 

90.0 

7.73 

11)3.3 

7.25 

00. S 

7.49 

h)0.0 

( 1 2 T 
3.0(i 


Significant depression due to the application of Superphosphate. 
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Sugar Beet. County School, Welshpool, Montgomeryshire, 1928. 

Plots ia triplicate : acre, Soil : School garden. 

Basal Manuring : 10 tons F.Y.M. 3 cwt. Superphosphate. 1 cwt. Muriate of Potash per acre. 
Manures applied May 10, except Nitrogenous, which were applied after singling (6 in. high) 
ibout June 20. Seed sown May 10. Lifted October 16. 


Average 

Yield. 

No 

Nitrogen. 

Sulphate of 
.'\mmonia 

2 cwt. 

Muriate of 
Amm. = 2 cwt. 
Sulphate. 

Mean. 

: Standard | 
Error. | 

Roots, tons per acre ... 

9.79 

11.00 

H.89 

10.89 

0.70 

Roots, per cent. 

89.8 

101.0 

109.2 

100.0 

6.45 

Tops, tons per acre ... 

14.00 

18.90 

20.67 

17.86 

1.00 

Tops, percent. 

78.4 

lOo.O 

115.7 

100.0 

5.60 


Significant response to .Muriate witli roots, and to Muriate and Sulphate with tops. The 
difference betw'ccn the Sulphate and Muriate Plots is not significant. 


Sugar Beet. South-Eastern Agricultural College, Wye, Kent, 1928. 

Basal Manuring : 10 loads F.Y.M. in March, 4 cwt. Kainit (May 9) and 4 cwt. Superphosphate 
(Mav 19) per acre. Varieties : Oippe E and Stnibe's Breen Top. Nitrogenous Manures applied 
Mav 1 9. Seed sown May 9. Boots lifted November 8. Plots m quadruplicate, each acre. 

Average Yield In tons per acre. 


Variety 

Uippe ... 
Strube ... 


No Nitrogen. I cwt. ? .\inm. h.quiv. M Anim. 


14.54 U.88 

12,W) 13 18 


14.71 
12 39 


Variety, 


1 Dippe ... 
^ Strube ... 


Sugar Percentage. 


No Nitrogen. 1 *''vt. S .\iiiin. Equiv . M/ Amm. 


16.25 15.70 

15.27 


16.72 

l.T.'id 
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